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(54) Thiazole derivatives and their use as cdk inhibitors 



(57) The invention provides compounds of formula 1 




wherein R"", R^, and are as defined, and their phar- 
maceuticaHy acceptable salts. Compounds of formula 1 
are indicated to have activity inhibiting cdkS, cdk2, and 
GSK-3. Phamnaceutical compositions and methods 
comprising compounds of formula 1 for treating diseas- 
es and conditions comprising abnormal cell growth, 



such as cancer, and neurodegenerative diseases and 
conditions and those affected by dopamine neurotrans- 
mission are described. Also described are pharmaceu- 
tical compositions and methods comprising compounds 
of formula 1 for treating male fertility and sperm motility; 
diabetes mellitus; impaired glucose tolerance; metabol- 
ic syndrome or syndrome X; polycystic ovary syndrome; 
adipogenesis and obesity; myogenesis and frailty, for 
example age-related decline in physical perfonnance; 
acute sarcopenia, for example muscle atrophy and/or 
cachexia associated with burns, bed rest, limb immobi- 
lization, or major thoracic, abdominal, and/or orthopedic 
surgery; sepsis; hair loss, hair thinning, and balding; and 
immunodeficiency. 
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Description 

Field of the Invention 

[0001] The subject invention relates to thiazole derivatives, phannaceutical compositions comprising such deriva- 
tives and methods of using such derivatives to treat abnomial ceil growth and certain diseases and conditions of the 
central nervous system. The compounds of the present invention act as inhibitors of cyclin-dependent protein kinase 
enzymes cdkS (cychn-dependent protein kinase 5) and cdk2 (cyclin-dependent protein kinase 2). The compounds of 
the present invention also are inhibitors of the enzyme GSK-3 (glygogen synthase kinase-3) enzyme. 

Background of the Invention 

[0002] The serine/threonine kinase cdk5 along with its cofactor p25 (or the longer cofactor, p35) has been linked to 
neurodegenerative disorders, and inhibitors of cdk5/p25 (or cdk5/p35) are therefore useful for the treatment of neuro- 
degenerative disorders such as Alzheimer's disease, Parkinson's disease, stroke, or Huntington's disease Treatment 
of such neurodegenerative disorders using cdk5 inhibitors Is supported by the finding that cdk5 is involved In the 
phosphorylation of tau protein (J. Biochem. 117, 741-749 (1995)). cdk5 also phbsphorylates Dopamine and Cyclic 
AMP-Regulated Phosphorprotein (DARPP-32) at threonine 75 and is thus indicated in having a role In dopaminergic 
neurotransmission (Nature, 402, 669-671 (1999)). 

[0003] The seri-nerthreonine kinase cdk2 is essential for nomial cell cycling and plays a critical role in disorders arising 
from abnomnal cell cycling, a common characteristic of many oncological disorders. Inhibitors of cdk2 are therefore 
useful for the treatment of various types of cancer and other diseases or conditions related to abnonnal cell growrth 
(Meijer, et al.. Properties and Potential- applications of Chemical Inhibitors of Cyclin-dependent Kinsa ses P/iannaco/- 
ogy& therapeutics. 82 (2-3), 279-284 (1999); Sausville, et al., Cyclin-dependent Kinases: Initial Approaches to Exploit 
a Novel Therapeutic Target. Pharmacology & therapeutics 82 (2-3) 285-292 (1999)). — 
[0004] GSK-3 Is a serine/threonine protein kinase. It is one of several protein kinases wrhich phosphorylate glycogen 
synthase (Embi, et al., Eur J. Biochem. 107:519-527 (1980); Hammings, et al., Eur. J. Biochem. 119:443-451 (1982)). 
GSK-3 exists In two isoforms. a and p, in vertebrates, reported as having a monomeric structure of 49kD and 47kD 
respectively. Both isofonns phosphorylate muscle glycogen synthase (Cross, et al., BiochemicalJournal 303- 21-26 
(1994)). The amino acid identity among GSK-3 species homologs has been indicated to be in excess of 98% within 
the catalytic domain (Plyte, et al., Biochim. Biophys. Acta 1114:147-162) (1992)). Due to a remarkably high degree of 
conservation across the phylogenetic spectrum, a fundamental role of GSK-3 in cellular processes is suggested 
[0005] GSK-3 has been implicated in numerous different disease states and conditions. For example Chen et al 
D/ai>efes43: 1234-1241 (1994) have suggested that an increase In GSK-3 activity can be important in Type 2 diabetes' 
Increased GSK-3 expression in diabetk: muscle is also though to contribute to the impaired glycogen synthase activity 
and skeletal muscle insulin resistance present in Type 2 diabetes (Nikoulina, et al.. Diabetes49: 263-271 (2000)) Also 
a higher activity of a type 1 protein phosphatase measured in immotile spemn was attributed to higher GSK-3 activitJ 
and was indicated as responsible for holding the sperm motility in check (Vijayaraghavan , et al. Biology of Reproduction 
54: 709-71 8 (1996)). Vijayaraghavan et al. indicate that such results suggest a biochemical basis for the development 
and regulation of spemi motility and a possible physiological role for a protein phosphatase 1/inhibitor 2/GSK-3 system 
GSK-3 activity has also been associated with Alzheimer's disease and mood disorders such as bipolar disorder (WO 
97/41854). Among other conditions, GSK-3 has furthermore been implicated in hair loss, schizophrenia and neuro- 
degeneration. including both chronic neurodegenerative diseases (such as Alzheimer's, supra) and neurotrauma for 
example stroke, traumatic brain injury,.and spinal cord trauma. 

Summary of the Invention 

[0006] This invention provides compounds of the fonmula 



yy-N H 
Ri V-N— r2_r* 

s 



wherein Ri is a straight chain or branched (Ci-C8)alkyl, a straight chain or branched (C2-C8)alkenyl, a straight 
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chain or branched (C2-C8)alkynyl, (C3-CQ)cycloalkyl, (C4-CQ)cycloalkenyl, (3-8 membered) heterocycloalkyi, (Cg-C^^) 
bicycloalkyi, (Cy-C^ijbicycloalkenyl, (5-11 membered) heterobicycloalkyi, (C6-C14) aryl, (5-14 membered) heteroaryl, 
or ABN-; and wherein R"" is optionally substituted with from one to six substltuents independently selected from F, 

CI, Br, 1, nitro, cyano, -CF3. -NR'RS. -NR7C(=0)R8. -NR7C(=0)0R8. -NR7C(=0)NR8r9, -NR7S(=0)2R8, -NR^S 
(=0)2NR8R9, -OR7, -0C(=0)R7, -0C(=0)0R7, -C(=0)0R7, .C(=0)R7, -C(=0)NR7RB, .0C(=0)NR7R8, -0C(=0)SR7, 
-SR7. -S(=:0)R7; -S(=0)2R^. -S(=0)2NR7R8, and R^; 

[0007] A and B are each independently selected from straight or branched (C^-C8)alkyl, straight chain or branched 
(C2-C8)alkenyl, straight chain or branched (C2-C8)alkynyl, (C3-C6)cycloalkyl, (C4-Cg)cycloalkenyl, (3-8 membered) het- 
erocycloalkyi, (C5-Cii)bicycloalkyl, (C7-Cii)bicycloalkenyl, and (5-11 membered) heterocycloalkyi; or A and B may be 
connected to tomn a 3-8 membered heterocyclb ring optionally containing one or two double bonds and optionally 
containing one or two further hetero atoms selected independently from O, S, and N; and A and B, or the heterocyclic 
ring formed thereby, can be optionally independently substituted with from one to six substituents R^ independently 
selected from f. CI, Br I , nitro, cyano, -CF3, -NR7R8,.nr7C(=0)R8, -NR^C(=0)0R8, -NR7C(=0)NR8R9, -NR7S(=0)2RS, 
-NR7S(=0)2NR8R9, -0R7,-0C(=0)R7, -0C(=0)0R7. -C(=0)0R7, -C(=0)R7,-C(=0)NR7R8,-0C(=0)NR7R8, -0C(=0) 
SR7,-SR7. -S(=0)R7, -S(=0)2R^, -S(=0)2NR7R8, and R^; 

R3 is -C(=0)NR9-. -C(=0)0-, -C(=O)(GR10ri1)^., or -(CRiORii)^-; 

R-* is a straight chain or a branched (Ci-C8)alkyl, a straight chain or a branched (C2-C8)alkenyl, a straight chain 
or branched (C2-C8 alkynyl), (C3-C8)cycloalkyI, (C4-C8)cycloalkenyl, (3-8 membered) heterocycloalkyi, (C5-C-,-,) bicy- 
cloalkyi, (Gy-C^i )bicycloa!kenyl, (5-11 membered) heterobicycloalkyi, (C6-C^4)aryl, or (5-14 membered) heteroaryl; 
and wherein R^ is optionally substituted with from one to three substitutents R® independently selected from F, CI, Br, 
I, nitro, cyano, -CF3, -NR7R8, -NR7C(=0)R8, -NR7C(=0)OR8, -NR7C(=0)NR8R9, .NR7S(=0)2RS, -NR7S(=0)2NR8r9, 
-OR7. -0C(-0)R7, -0C{-0)0R7, -C(=0)0R7, -C(=0)R7, -C(=0)NR7R8, -0C(=0)NR7R8, -0C(=0)SR7, -SR^. -S(=0) 
R7, -S(=0)2R^, -S(=0)2NR7R8, or R7; 

each R^, R8, and R^ is independently selected from H, straight chain or branched (C^-C8)alkyl, straight chain or 
branched (C2-C8)alkenyl, straight chain orbranched (C2-C8 alkynyl), (C3-C8)cycloalkyl, (C4-C8)cycloalkenyl, (3-8 mem- 
bered) heterocycloalkyi, (C5-C^i)bicycloalkyl, (C7-Ci^)bicycloalkenyl, (5-11 membered) heterobicycloalkyi, (C6-C14) 
aryl, and (5-14 membered) heteroaryl, wherein R"^, R8^ and R^ are each independently optionally substituted with from 
one to six substituents independently selected from F, CI, Br, I, NO2, -CN, -CF3, -NR^'OR'""', -NR''0C(=O)R"''', -NRIOC 
(=0)ORii. -NR10C(=0)NR1"«R12, -NR^0S(=O)2R''V -NR"»OS(=0)2NR11R12, -OR^O^ OC(=O)R^0, -OC(=0)OR10, -OC 
(=O)NRi0Rii. -OC(=0)SR10, -SR10, .s(=0)Rio,-S(=0)2R^o. -S(=O)2NRi0R^\ -C(=O)Ri0. -C(=O)ORi0, -C(=0) 
NR10RI1, andR^O; 

or, when R^and R8 are as in NR^R8, they may Instead optionally be connected to fomn with the nitrogen of NR'''R8 
to which they are attached a heterocycloalkyi moiety of from three to seven ring members, said heterocycloalkyi moiety 
optionally comprising one or two further heteroatoms Independently selected from N, and S; 

each R''^, R■'^ and R''^ is independently selected from H, straight chain or branched (C^-C8)alkyl, straight chain 
or branched (C2-C8)alkenyl, straight chain or branched (C2-C8 alkynyl), (C3-C8)cycloalkyl, (C4-C8)cycloalkenyl, (3-8 
membered) heterocycloalkyi, (C5-Ci^)bicycloalkyl, (C7-C^^)bicycloalkenyl, (5-11 membered) heterobicycloalkyi, 
(C6-Ci4)aryl, and (5-14 membered) heteroaryl, wherein R"'^, R^"* , and R''^ are each independently optionally substituted 
with from one to six substituents independently selected from F, CI, Br, I, NO2, -CN, -CF3, -NR''3R14^ -NRi3C(=0)R'>'^, 
-NR^3C(=0)0R14 -NRi3c(=0)NRi4Ris, .nR13S(=0)2R1^ -NR13s(=0)2NR14r15^ -0R13^ -0C(=0)R'»3, -0C(=0)0R13, 
-0C(=0)NR''3Ri4 -0C(=0)SR''3, -SRi3, -S(=0)R'»3, -S(=0)2R^3. -S(=0)2NR''3R14^ -C(=0)Ri3, -C(=0)OR''3, .C(=0) 
NRi3Ri^, and R^S; 

each R^3 ri4^ and R''^ is independently selected from H, straight chain or branched (C^-Cgjalkyl, straight chain 
or branched (C2-C8)alkenyl, straight chain or branched (C2-Ce alkynyl), (C3-C8)cycloalkyl, (C4-C8)cycloalkenyl, (3-8 
membered) heterocycloalkyi, (Cs-Ci^jbicycloalkyl, (C7-Cii)bicycloalkenyl, (5-1 1 membered) heterobicycloalkyi, 
(Ce-C^4)aryl, and (5-14 membered) heteroaryl, wherein R'*^, R"**, and R''^ are each independently optionally sQbstituted 
with from one to six substituents independently selected from F, CI, Br, I, NOg, -CN, -CF3, -NR^8r17 .fy|Ri6c(=o)R''7, 
-NRi6c(=0)OR"'7, -NRi8C(=0)NRi7Rie^ -NR"»6S(=0)2R17, -nr16s(=0)2NR17r18^ -ORI6 -0C(=0)R'»8, -0C(=0)0R'»8, 
-OC(=0)NR16R17^ -0C(=0)SR18, -SRi6^ .s(=0)R"i8, -S(=0)2R^®. -S(=0)2NR^8Ri7, .C(=0)R18^ -C(=0)0R16, -C(=0) 
NR16R17, and R"'8; 

each R"'^, R17^ ancf R'^s is independently selected from H, straight chain or branched (Ci-C8)alkyl, straight chain 
or branched (C2-C8)alkenyl, straight chain or branched (C2-C8 alkynyl), (C3-CB)cycloalkyl, (C4-C8)cycloalkenyl, (3-8 
membered) heterocycloalkyi, (C5-Cii)bicycloalkyl, (C7-C^^)bicycloalkenyl, (5-11 membered) heterobicycloalkyi, 
(Cg-C^4)aryl, and (5-14 membered) heteroaryl; 

n is 0, 1 , 2, or 3; 

wherein R""^ and R''"' in -C(=0)(CR'*°R^'')n- and -(CRiOR'''')^- are for each iteration of n defined independently as 
recited above; 

and phamiaceuticalty acceptable salts thereof. 
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[0008] Compounds of formula 1 of the invention are inhibitors of serine/threonine kinases, especially cyclin-depend- 

dJo^dTr^'an'd Saln^ """t.^"' f " °' neurodegene,Btlve disorders'an'd other'cNS 

disorders, and of abnormal ceH growth, .nclud.ng cancer. The compounds of fomiula 1 are particularly useful in inhibiting 
cdk5. Compounds of fonmula 1 are furthermore also useful as inhibitors of GSK-3 
^ ^^^L !^ ""'^^ °^f'e™'ise indicated, includes saturated monovalent hydrocarbon 

radicals having straight or branched moieties. Examples of alkyi groups include, but are not limited to, methyl ethyl 
propyl, isopropyl, and f-butyl. ^ ' ^ ' 

Ji.^ *T If r^'j "^^^ ""'^^ ^'^^^'^^ indicated, includes alkyI moieties having at least one 

^0 Te'T^prope^i '"^ ^ ^^^P'^^ °' ^"^^^V "ot limited to. 

a^^lll Jif *T«''^K'^"Jf''"'u^^ "^^'^ ^"'^^^ '"'^''^^t^^' '"^'"d^s alkyI moieties having at least one 

to Xny, an"d Z^^V^ ' " '"'"'"'^ °^ 

moilfL wl!!r!f i'i^'"'*^"^'?T!'' '"^'"'^^^ non-aromatic saturated cyclic alkyI 

mo et.es wherein alkyI is as defined above. Examples of cycloalkyi include, but are not limitedto, cyclopropyl cyclobuM 
cyclopentyl. cyclohexyl. and cycloheptyl. "Bicycloalkyl" groups are non-aromatic saturated carbocyclte groups consist- 

otLl^! T" ? ''^'^ °' P"^°^«= °f tf'^ P^^^ent inventron. and unless 

■nH 7 K . ; ""'"^T^'^' 9^°"P^ «P*~ groups and fused ring groups. Examples of bicycloalkyi groups 

u T T V°' •'']-»'«^y'. norbomyl. spiro[4.5]decyl, spiro[4.4]nonyl, spiro[4.3]octyl, and spiro 

Lt ^"^ -"'cycloalkenyr refer to non-aromatic carbocydic cycloalkyi and bScycloallcyl moieLs 

•enSSr^.rrhiT^ H^''°T"''"^ °' ""^'^ carbon-carbon double bonds connecting carbon ring members (an 
endocychc double bond) and/or one or more carbon-caibon double bonds connecting a carbon ring member and an 

T^XoZZ^^T"" T ^"^P'^^ °' cycloalkenyl groups include, but are not limited 

ZT^^ T^^ and cyclobutenyl, and a non-limiting example of a bicycloalkenyl group is norbomenyl. Cycloalkyi, 
cycloalkenyl, bicycloalkyi. and bicycloalkenyl groups also include groups that are substituted with one or more oxo 
^r^plToiyf^^'' ^"""^^ """^ oxocyclopentyl. oxocydobutyl. oxocydopentenyl. and nor- 

ff^IS h "l"^'"" used herein, unless otherwise indicated, indudes an organic radical derived from an ar- 

fiydrocarbon by removal of one hydrogen, such as phenyl, naphthyl. indenyl. and fluorenyl 
[0014] The temns "heterocydic". "heterocycloalkyi". and like terms, as used herein, refer to non-aromatic cyclic 
groups containing one or more heteroatoms, prefereably from one to four heteroatoms. each selected from O S and 
N. Heterobicyc loalkyi groups are non-aromatic two-ringed cyclic groups, wherein said rings share one or two atoms 
fhl nlf T T ! ''^"'^'"^ ^ heteroatom (O, S, or N). HeterobicydoalkyI groups for purposes of 

the present invention, and unless othenvise indicated, include spiro groups and fused ring groups. In one embodiment 
each nng m the heterobicycloalkyl contains up to four heteroatoms (i.e. from zero to four heteroatoms, provideXi 
^vir^mlT H r heteroatom). The heterocydic groups of this invention can also include ring 

systems substtuted wrth one or more oxo moieties. Examples of non-aromatte heterocyclic groups are aziridinyl aze 
tSriS T; ^r?"""' ^T^'' P'P^^^'"yl' ' .2.3.6-tetrahydropyridinyl. oxlranyl, oxetanyl, tetrahydrofu;anyl. 
tetrahydrohienyl,tetrahydropyranyl,tetrahydrothiopyranyl.morpholino.thiomorpholino.th mdolinyl 
' nd?vMm"l^^-T"^i Py^^°«"y'. ^ihydropyranyl, dihydrothienyl, dfhySLuranyl. pyrazo- 

hdmyl, imidazolinyl, imidazolidmyi, 3-azabicyclo[3.1.0]hexanyl, 3-azabicyclo[4.1 .Ojheptanyl, quinolizinyl quinucHdinvl 
M-d.oxaspiro[4.5,decyl, 1 .4-dioxaspiro[4.4]nonyl. 1 ,4-dioxaspiro[4.3]octyl, and i:4-dioxasp?ro[42replr^ 
[0015] Heteroaryl". as used herein, refers to aromatic groups containing one or more heteroatoms (O S or N) 
riLn of '° A multicydic group containing one or more heteroatoms wherein at least one 

s;stemrsu?.'ZJH T.""^"^ " ^ 9^°"P- Q^o^ps of this invention can also include ring 

systerns substituted with one or more oxo moieties. Examples of heteroaryl groups are pyridinyl, pyridazinyl imidazoM 

rsT^TJ; '^°''"'"°'y'- thienyusoxiol^l. thiazo.yl. oxSl 

soth^zolyl. pyrrolyl indoly . benzimidazolyl. benzofuranyl. dnnolinyl. indazolyl. indolizinyl. phthalazinyl. triazinyl, iso^ 

benJL'.«Tr ^h-*^°'y'. ^-azanyl. benzofurazanyl, benzothlophenyl. benzotriazolyl. benzothllzo^l. 

benzoxazoVI, qu.n^ol.nyl, quinoxal.nyl, naphthyridinyl. dihydroquinolyl. tetrahydroquinolyl. dihydroisoquinolyl tet- 
rahydroisoquinolyl. benzofuryl. furopyridinyl, pyrolopyrimidinyl, and azaindolyl qu'noiyi, tet 

[0016] The foregoing groups, as derived from the compounds listed above, may be C-attached or N-attached where 
such ,s possible. Forinstance, a group derived from pyrrole maybe pyrrol-1 -yl (N-attached) or pyrrol-S-yl (C-attached) 
The ternis refemng to the groups also encompass all possible tautomers 

l?,hc2.., H °Z f'"''°'*"^*"V»*^'« '"^^"Wo" P^vides compounds of fomiula 1, wherein Ri is cydobutyl. optionally 
Moy/^y oM^s MoT^°"^ '° independently selected from F. CI, Br. I. nitro. cyano, -CF3 NR'RB 

-NR7C(=0)R8. -NR7C(=0)OR8. -NR7C(=0)NR8R9,nR7S(=0)2R8. -NR-S(=0),NR8r9 .qR^ 3c(-0)R- -Oa-O^ 
OR7. -C(=0)0R7. -C(=0)R7.-C(=0)NR7R8. -0C(=0)NR7rI -0C(=0)SR^' -SR7 S(=0)R? s(=o),r? S 
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(=0)2NR7r8, and R~. In a further embodiment. R"" is cyclobutyl and R^ is 'C(=0)(CR">OR'' 
[0018] In another embodiment of the invention, compounds of formula 1 are provided wherein R"" is ABN-. 
[0019] In another embodiment of the invention, compounds of fomiula 1 are provided wherein R^ is -(CR'*OR"'"')o- (in 
other words, R^ is a bond), and R^ is (3-8 membered) heterocycloalkyi, {CQ-C^4)ary\, or (5-14 membered) heteroaryl, 
and R"^ is optionally substituted with from one to three substitutents R® independently selected from F, CI, Br, I, nitro, 
cyano, -CFg, -NR7R8,.NR7C(=0)R8, -NR7C(=0)0R8, -NR7C{=0)NR8R9, -NR7S(=0)2R8. -NR7S(=0)2NR8R9, -OR7, 
-0C{=0)R7, -0C(=0)0R7, -C(=0)0R7, .C(=0)R7, -C(=0)NR7r8, -OC(=0)NR7r8, -0C(=0)SR7,.SR7, -S(=0)R7 -S 
(=0)2R^, -S(=0)2NR7Rfi, orR^. In a further enr^bodiment of compounds of fomriuial wherein R^ is abend, R^is (Cg-C^^) 
aryl or (5-14 membered) heteroaryl, each optionally substituted. In a more preferred embodiment wherein R^ is a bond, 
R^ is optionally substituted phenyl or optionally substituted pyridyt. In another preferred embodiment wherein R^ is a 
bond, R^ is naphthyl, quinotyl, or isoquinolyl, each optionally substituted. In another embodiment wherein R3 is a bond, 
R-* is napthyl, quinolyl, or isoquinolyl, and is unsubstituted. 

[0020] In another embodiment of the invention, R^ Is a bond and R"' is optionally substituted straight chain or branched 
(Ci-C3)alkyl or optionally substituted straight chain or branched (C2-Ce)alkenyl 

[0021] In another embodiment, this invention provides compounds offonmulal , wherein R3 is-C(=0)NR9- or-C(=0) 
(CRiORH)^.. In another embodiment, R^o and RI1 of -C(=O)(CR10rii)^. are at each iteration of n both hydrogen. In 
another embodiment, of -C(=0)NR®- is hydrogen. In another embodinnent, and R^ is -C(=0)NR9- or -C(=0) 
(CR^OR^i)n-. 

[0022] In another embodiment of the Invention, a compound of formula 1 is provided wherein R"" is optionally sub- 
stituted (C3-C3)cycloalkyl or optionally substituted (CyC^-^) bicycloalkyl. Preferred embodiments are wherein R'^ is 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, or norbomyl, each optionally substituted as recited above (i.e. option- 
ally with from one to six substituents RS independently selected from F, CI, Br, I, nitro, cyano, -CF3, -NR^^R^^ -NR^C 
(=0)R8, -NR7C(-0)OR8, -NR7C(=0)NR8R9, -NR7S(=0)2R8, -NR7S(=0)2NR8R9, -OR^, -0C(=0)R7, -0C(=0)0R7, -C 
(=0)0R7. -C(=0)R7, .C(=0)NR7R8, -0C(=0)NR7R8, -0C(=0)SR7, -SR7, -S(=0)R7, -S{=0)2R7, -S(=0)2NR7R8, and 
R7). In amore preferred embodiment, R"" is (C3-Ca)cycloalkyl or optionally substituted (Cg-C,^) bicycloalkyl, for example 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, or norbornyl, and is optionally substituted with from one to three sub- 
stituents independently selected from F, CI, Br, I, nitro, cyano, -CF3, -NR7R8, -NR7C(=0)R8, -OR7, -C(=0)0R7, -C(=0) 
R7, and R7. More preferably, R'^ is (C3-C8)cycloalkyl or optionally substituted (Cg-C^^) bicycloalkyl, for example cyclo- 
propyl, cyclobutyl, cyclopentyl, cyclohexyl, or norbornyl, and R"" is substituted with -NR7C(=0)R8, (Cg-Ci4.)ary!, (3-8 
membered) heterocycloalkyi, or (5-14 membered) heteroaryl, and wherein said aryl. heterocycloalkyi, and heteroaryl 
are each optionally substituted with from one to six substituents independently selected from F. CI, Br, 1, NO2, -CN, 
-CF3, -NR10R1^ -NR"'0C(=O)R"''', -^JRl0c(=O)OR^^ -NRi0c(=O)NRi"»R">2, -NR''0S(=O)2R^'', -NR10S(=0)2NR''1R^2^ 
-OR^o^ -OC(=0)R10. -OC(=0)OR10, OC(=0)NRi0Rii, -OC(=O)SRi0 -SR^^^ -S(=O)Ri0, -S(=0)2R''°, -S 
(=O)2NRi0Ri'», -C(=0)R10. -C(=0)OR'io, -C(=0)NR10R", and R^o in another embodiment of the invention, R1 is bi- 
cyclo-[3.1 .0]-hexyl and is optionally substituted as recited above (i.e. optionally substituted with from one to six sub- 
stituents R5 independently selected from F, CI, Br, I, nitro, cyano, -CF3, -NR^RS, .NR7C(=0)R8, -NR7C(=0)OR8, -NR^C 
(=0)NR8R9, -NR7S(=0)2R8. -NR7S(=0)2NR8r9, -0R7, -0C(=0)R7, -OC(=0)OR7, -C(=0)0R7. -C(=0)R7 -C(=0) 
NR7R8, .0C(=0)NR7R8. -0C(=0)SR7, -SR7 -S(=0)R7, -S(=0)2R^, -S(=0)2NR7r8, and R7). 

[0023] In another embodiment of the invention, a compound of formula 1 is provided wherein R"" is optionally sub- 
stituted straight chain or branched (Ci-C8)alkyl or optionally substituted straight chain or branched (C2-C8)alkenyl. 
[0024] In another embodiment, this invention provides a compound of fomnula 1 wherein R"^ is (Cg-Ci4)aryl or (5-14 
membered) heteroaryl, each optionally substituted. In a preferred embodiment, R* is optionally substituted phenyl or 
optionally substituted pyridyl. in another preferred embodiment, R'* is naphthyl, quinolyl, or isoquinolyl, each optionally 
substituted. In another embodiment, R^ is napthyl, quinolyl, or isoquinolyl, and is unsubstituted. 
[0025] Examples of preferred compounds of fomiula 1 are: 



N-(5-cyclobutyl-thiazol-2-yl)-2-phenyl-acetamide; 

N-(5-cyclobutyl-thiazoI-2-yl)-isobutyramide; 

(5-cyclobutyl-thiazol-2-yl)-carbamic acid phenyl ester; 

1-(5-cyclobutyl-thlazol-2-yl)-3-(2,4-dichloro-phenyl)-urea; 

1-(5-cyclobutyl-thia20l-2-yl)-3-(2,6-difluoro-phenyl)-urea; 

1-(5-cyclobutyl-thia2ol-2-yl)-3-(3-trifIuoromethyl-phenyl)-urea; 

1-(4-chloro-3-trifiuoromethyl-phenyl)-3-(5-cyclobutyl-thia2ol-2-yl)-urea; 

1-(5-cyclobutyl-thia20l-2-yl)-3-(2,4,6-trifluoro-phenyl)-urea; 

1 -(5-cyclobutyl-thiazol-2-yl)-3-(2,4>dif luoro-phenyl)-urea; 

1-(5-cyclobutyl-thia20l-2-yl)-3-(2-ethyl-phenyl)-urea; 

1-(5-cyclobutyl-thiazol-2-yl)-3-(3-phenoxy-phenyl)-urea; 

1-(5-cyclobutyl-thia2ol-2-yl)-3-(4-methoxy-phenyl)-urea; 
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N-(5-cyclobutyl-thja2ol-2-yl)-2-(2.4-dich(oro-phenyl).acetamide: 
1 -(5-cyclobutyl-thiazol-2-yl)-3-phenyl-urea; 

1-(4-bromo-3-triftuoromethyl-phenyl)-3-(5-cyclobutyl-thia2ol-2-yl)-urea; 
1-(5-cyclobutyl-thiazol-2-yl)-3-(1H-indol-5-yl)-urea: 

1-(5-cyclobutyMhla2ol-2-yl)-3-(2-methylsulfanyl-phenyl)-urea; 
N-{5-cyclobutyl-thiazol-2-yl)-2>(4-methoxy-phenyl)-acetamide; 

1-(5-cyclobutyl-thlazo)-2-yl)-3-[4-(4-methyl-pipera2ine-1-sulfonyl)-phenyl].urea- 
1 -(5-cyclobutyl-thia2ol-2-yl)-3-quinolin-6-yl-urea; 

1-(5-cyclobutyl-thia2ol-2-yI)-3-{2-methyl-quinolin-6-yl)-urea: 

3.{2-[2-(2,4-dichloro-phenyl)-acetylamino]4hia2ol-5-yl}-cyclobutanecarboxylic acid butyl ester- 
N-(5-cyclobutyl-thia2oI-2-yl)-2-pyridin-3-yl-acetamide; 

3-{2-[2-(24-dichloro-phenyl)-acetylamino]-thiazol-5-yl}-cyclobutanecarboxylic acid- 

1-(5-cyclobutyl-thiazol-2-yl)-3-(4-pyridin-3-yl-phenyl)-urea; 

1-benzothia2ol-5-yl-3-(5-cyclobutyl-thia2ol-2-yl)-urea; 

N-(5-cyclobutyl-thia2ol-2-yl)-2-quinolin-6-yl-acetamide; 

1-(3H-ben2otria2oI-5-yl)-3-(6-cyc(obutyl-thia2ol-2-yl)-urea; 

1-(5-cyclobutyNthla2ol-2-y))-3-(2-methyl-benzothiazol-5-yl)-urea; 

1 -biphenyl-3-yl-3-(5-cyclobutyl-thiazol-2-yl)-urea; 

1-(3H-ben20imida2ol-5-yl)-3-(5-cyclobutyl-thia2oI-2-yI)-urea; 

1-(5-cyclobutyl-thiazol-2-yl)-3-[4-(2-dimethylamino-ethylamino)-quinolin-6-yq^ 

1-(5-cyclobutyl-thiazol-2-yl)-3-[4>(3-hydroxy-propylamino)-quinolin-6-yl].urea- 

(5-cyclobutyl-thiazo!-2-yl)-carbamiG acid 3-(6-anriino-quinolin-4-ylamino)-propyl esten 

N-(5-cyclobutyl-thia2ol-2-yI)-2-(2-methyl-benzothia2ol-6.yl)-acetamlde; 

3-hydroxy-pyrrolidine-1 -carboxylic acid (5-cyclobutyl-thia2ol-2-yl)-amfde; 

1-(5-cyclobutyl-thia2oI.2-yl)-3-[4-(2-hydroxy-cyclohexylamino).quinolin-6.yl].ur^^ 
1-(5-cyclobutyl-thiazol-2-yl)-3-quinolin-5-y|.urea; 

1-(5-cyclobutyl>thia2ol-2-yl)-3-isoquinolln-6-yl-urea; 

1-(5-cyclobutyl-thia2ol-2'yl)-3-[4-(3-hydroxy-pyiTolidin-1.yl)-quinolin-6-yl]-urea; 

1- (5-cyclobutyl-thlazol-2-yl)-3-isoquinolm-5-yl-urea; 

2- (1H-ben2oimida20l-5*yI)-N-(5-cyclobutyl-thiazol-2-yl)-acetamide; 

N-(5-cyclobutyNthlazol-2-yl)-2-(5,6-djmethyl-benzoimidazol-1.yl)-acetamlde- 

1-(5-cyclobutyl-thia2ol-2-yl)-3-[4-(2-hydroxy-cyclopentylamino)-quinolin-6-yl]-urea- 
N-(5-cyclobutyl-thia2oI-2-yl)-2-lndol-1 -yl-acetamlde; 

1-(3H-benzoim ida2ol-4-yl)-3-(5-cyclobutyl-thia2ol-2-yl)-urea; 

N-(5-cyclobutyl-thia2ol-2-yl)-2-(1H-indol-3-yI)-acetamide; 

N-(5-cyclobutyl-thiazol-2-yI)-2-quinolin-5-yNacetamide; 

1 -(5-cyclobutyl-thiazol-2-yl)-3-(1 H-indazol-6-yl)-urea; 

1'(5-cyclobutyl-thiazol-2-yl)-3-(4-methyl-2-oxo-1 ,2-dlhydro.quinolin-7-yl)-urea- 

1-(5<;yclobutyi-thia2ol-2-yl)-3-[2-(4-nitro-phenyl)-1H-ben2oimida2o!-5-yI]-urea'; 
1-benzo[1,3]dioxo!-5-yl-3-(5-cyclobutyl-thia2ol-2-yl)-urea; 

1-(5-cyclobutyl-thia2ol-2-yl)-3-(4-methoxymethyl-2-oxo-2'H-chromen-7-yl)-urea- 

1-(5-cyclobutyl-thla2ol-2-yl)-3-(4-methy|.2-oxo-2H-chromen.7-yl)-urea; 

1-(5-cyclobutyl-thlazol-2-yl)-3-(2-oxo-2,3-dlhydro-1H-ben2olmida20l-5-yl)-urea- 

1-(1-acetyl-2,3-dihydro-1H-indol-6-yO-3-(5-cyclobutyl-thiazol-2-yl)-urea- 

1-{5-cyclobutyl-thjazol-2-yl)-3"(4,7-dimethoxy-3H-benzoimida2ol-5-yl)-urea- 

1 -(5-cyclobutyl-thia2ol-2-yl)-3-(2-pyridln-2-yl«l H-benzoimidazol-5-yl).urea- ' 

1-(5<:yclobuty|.thiazol-2-yl)-342-(1J,2,2,3.3,3.heptafluoro-propyl)-1H-^^^^ 

1-{5<:yclobutyl-thia2ol-2-yl)-3-(6-fluoro-3iDrop-2-ynyl-2-trmuor6methyl-^ 

1-(6-cyclobutyl-thiazol-2-yl)-3-(1-ethyl-2-methyl-1H.benzoimida2ol-5-yl)-urea- 
1-(5-cyclobutyI-thlazol-2-yl)-3-(1H-indol-6-yl)-urea; 

1-(5<:yclobutyI-thiazdi-2-yl)-3-(2-methyl-1H-benzoimida2oI>5-yl)>urea; 
5-[3-(5-cyclobutyl-thiazol>2-yl)-ureido]-1H-indole-2-carboxylic acid ethyl ester; 
1 -benzo[1 ,2,3]thiadiazol-4-yl-3-(5-cyclobutyl-thiazol-2-yl)-urea; 

1-(5K:yclobutyl-thla2ol-2-yl)-3.(1,4-dioxo.1,2,3,4-tetrahydro-phthala2in-5-yl)-urea- 
1 -(5-cyclobutyl-thiazol-2-yl)-3-(1 H-indazol-7-yl)-urea; 
1 -(5-cyclobutyl-thia2ol-2-yl)-3-(1 H-indol-4-y!)-urea; 

1 -(5^yclobutyl-thiazol-2-yl)-3.(2.oxo-2.3-dihydro.1 H.benzoimidazoM-yl)-urea; 
1-ben2ooxa20l-4-yl-3-(5-cyclobutyl-thiazol-2-yl)-urea; 
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N-(5-cyclobutyl4hia2ol-2-yI)-2-(2-methyl-3H-ben2oimidazol-5-yl)-acetamide; 
1-(6-cyclobutyl-thla2o!-2*yl)-3-quinolln-8-yl-urea: 
1-(5-cyclobutyl-thia2ol-2-yl)-3-isoquinolln-8-yl-urea; 
1-(3H-benzotrla2ol-4-yl)-3-(5-cyclobutyl-thia2ol-2-yl)-urea; 
5 N-(5-cyclobutyl-thiia20l-2-y!)-2-lsoquinol in-5-yl-acetamide; 

N-(5-cyclobutyl-thia2ol-2-yl)-2-quinolin-6-yl-acetamide; 

1- (5-cyclobutyl-thiazol-2-yl)-3-isoquinolin-5-yl-urea; 
N-[5-(3-acetylamino-cyclobutylHhiazol-2-yl)-2-quinolin-6-yl-acetamide; 
N-(5-cyclobutyl-thia2o!-2-yl)-2-(4-nltro-phenyl)-acetamide; 

10 2-(4-amino-phenyl)-N-(5-cyclobutyl-thiazol-2-yl)-acetamide; 

2- (4-acetylamtno-phenyl)-N-(5-cyclobutyl-thia2ol-2-yl)-acetamide; 
'N-(5-cyclobutykthia2ol-2-yl)-2-[4-(2-pyrldin-3-yl-acetylamino)-phenyl]-acetamide; 
N-(5-cyclobutyl-thiazol-2-yl)-2-[4-{2-moipholin-4-yl-ethylamino)-phenyl]-acetamW^ 
(5-isopropyl-thiazol-2-yI)-pyridin-2-yl-amine; 

15 (3-chloro-5-trifluoromethyl-pyridin-2-yl)-(5-lsopropyl-thiazol-2-yl)-amine; 

(5-isopropyl-thiazol-2-yl)-phenyl-amine; 

(5-chloro-pyridin-2-yl)-(5-isopropyl-thlazol'2-yl)-amine; 

(5-isopropyl-thlazol-2-yl)-(6-methyl-pyridin-2-yl)-amlne; 

(5-isopropyl-thiazol-2-yl)-(5-methyl-pyndin-2-yl)-amlne; 
20 (5-isopropyl-thia20l-2-yl)-(4-methyl-pyridin-2-yl)-amine; 

(2-chloro-pyridin-4-yl)-(5-isopropyl-thlazol-2-yl)-annine; and 

N'(5-dlmethylamino-thia2ol-2-yl)-2-phenyl-acetamide; 

and phamnaceutically acceptable salts of the foregoing compounds. 

25 [0026] Salts of compounds of formula 1 can be obtained by forming salts with any acidic or basic group present on 
a compound of formula 1 . Examples of pharmaceutically acceptable salts of the compounds of formula 1 are the salts 
of hydrochloric acid, p-toluenesulfonic acid, fumaric acid, citric acid, succinic acid, salicylic acid, oxalic acid, hydrobro- 
mic acid, phosphoric acid, methanesulfonic acid, tartaric acid, maleic acid, di-p-toluoyi tartaric acid, acetic acid, sulfuric 
acid, hydroiodic acid, mandelic acid, sodium, potassium, magnesium, calcium, and lithium. 

30 [0027J The compounds of formula 1 may have optical centers and therefore may occur in different enantiomeric and 
other stereoisomeric configurations. The invention includes all enantiomers. diastereomers, and other stereoisomers 
of such compounds of fomnula 1 , as well as raciemic and other mixtures thereof. 

[0028] The subject invention also includes isotopically-labeled compounds, which are identical to those recited in 
formula 1 , but for the fact that one or more atoms are replaced by an atom having an atomic mass or mass number 

35 different from the atomic mass or mass number usually found in nature. Examples of isotopes that can be incorporated 
into compounds of the invention include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous, fluorine, iodine, 
and chlorine, such as ^H, ''"'C, ^"^C, '•©F, and ""^si Compounds of the present invention and pharmaceutically ac- 
ceptable salts of said compounds that contain the aforementioned isotopes and/or other isotopes of other atoms are 
within the scope of this invention. Isotopically-labeled compounds of the present invention, for example those into 

40 which radioactive isotopes such as and '•^C are incorporated, are useful in drug and/or substrate tissue distribution 
assays. Tritiated, i.e., ^H, and carbon-14, I.e., ""^C, isotopes are particularly preferred for their ease of preparation and 
detectability. ""^C and '•^F isotopes are particularly useful in PET (positron emission tomography), and ""^si isotopes are 
particularly useful in SPECT (single photon emission computerized tomography), ail useful in brain Imaging. Further, 
substitution with heavier isotopes such as deuterium, i.e., ^h, can afford certain therapeutic advantages resulting from 
greater metabolic stability, for example increased in vivo half-life or reduced dosage requirements and, hence, may be 
preferred in some circumstances. Isotopically labeled compounds of formula 1 of this invention can generally be pre- 
pared by carrying out the procedures disclosed in the Schemes and/or in the Examples below, by substituting a readily 
available isotopically labeled reagent for a non- isotopically labeled reagent. 

[0029] This invention also provides a pharmaceutical composition for treating a disease or condition comprising 
so abnormal cell growth in a mammal comprising a compound of fomiula 1 in an amount effective in inhibiting abnonmal 
cell growth, and a pharmaceutically acceptable carrier. 

[0030] This invention also provides a pharmaceutical composition for treating a disease or condition comprising 
abnomial cell growth in a mammal comprising a compound of formula 1 in an amount effective to inhibit cdk2 activity, 
and a pharmaceutically acceptable carrier. 
55 [0031] This invention also provides a method for treating a disease or condition comprising abnormal cell growth in 
a mammal comprising administering to the mammal a compound of formula 1 in an amount effective in inhibiting 
abnonnal cell growth. 

[0032] This invention also provides a method for treating a diseases or condition comprising abnormal cell growth 
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in a mammal comprising administering to the mammal a compound of formula 1 In an amount effective to Inhibit cdk2 
activity. 

[0033] In a phanmaceutical composition or method of this invention for treating a disease or condition comprising 
abnomial ceil growth, the disease or condition comprising abnonnal eel! growth is in one embodiment cancer. The 

5 cancer may be a carcinoma, for example carcinoma of the bladder, breast, colon, kidney, liver, lung, for example small 
cell lung cancer, esophagus, gall bladder, ovary, pancreas, stomach, cervix, thyroid, prostate, or skin, for example 
squamous cell carcinoma; a hematopoietic tumor of lymphoid lineage, for example leukemia, acute lymphocytic leuke- 
mia, B-cell lymphoma, T-cell lymphoma, Hodgkins lymphoma, non-Hodgkins lymphoma, hairy cell lymphoma, or Bur- 
kett's lymphoma; a hematopoietic tumor of myeloid lineage, for example acute and chronic myelogenous leukemias. 

10 myelodysplastic syndrome, or promyelocytic leukemia; a tumor of mesenchymal origin, for example fibrosarcoma or 
rhabdomyosarcoma; a tumor of the central or peripheral nervous system, for example astrocytoma, neuroblastoma, 
glioma or schwannoma; melanoma; seminoma; teratocancinoma; osteosarcoma; xenoderoma pigmentoum; kera- 
toctanthoma; thyroid follicular cancer; or Kaposi's sarcoma. 

[0034] In another embodiment, the disease or condition comprising abnonmal cell growth is benign. Such diseases 
and conditions Include benign prostate hyperplasia, familial adenomatosis polyposis, neuro-fibromatosis, atheroscle- 
rosis, pulmonary fibrosis, arthritis, psoriasis, glomerulonephritis, restenosis, hypertrophic scar formation, inflammatory 
bowel disease, transplantation rejection, fungal infection, and endotoxic shock. 

[0035] This invention also provides a pharmaceutical composition for treating a neurodegenerative disease or con- 
dition in a mammal comprising a compound of fomiula 1 in an amount effective in treating said disease or condition. 
20 and a pharmaceutical ly acceptable carrier. 

[0036] This invention also provides a phamnaceutical composition for treating a neurodegenerative disease or con- 
dition in a mammal comprising a compound of fomiula 1 in an amount effective in inhibiting cdkS activity, and a phar- 
maceutical ly acceptable carrier. 

[0037] This invention also provides a method for treating a neurodegenerative disease or condition in a mammal 
25 comprising administering to the mammal a compound of fonnula 1 in an amount effective in inhibiting cdkS activity. 
[0038] This invention also provides a method for treating a neurodegenerative disease or condition in a mammal 
comprising administering to the mammal a compound of fonnula 1 in an amount effective in treating said disease or 
condition. 

[0039] In one embodiment of the invention, the neurodegenerative disease or condition which is treated is selected 
from Huntington's disease, stroke, spinal cord trauma, traumatic brain injury, multiinfarct dementia, epilepsy, amyo- 
trophic lateral sclerosis, pain, viral induced dementia for example AIDS induced dementia, neurodegeneratio'n asso- 
ciated with bacterial infection, migraine, hypoglycemia, urinary incontinence, brain ischemia, multiple sclerosis. Alzhe- 
imer's disease, senile dementia of the Alzheimer's type, mild cognitive Impairment, age-related cognitive decline, em- 
esis, corticobasal degeneration, dementia pugilistica, Down's syndrome, myotonic dystrophy, Niemann-Pick disease, 
35 Pick's disease, prion disease with tangles, progessive supranuclear palsy, lower lateral sclerosis, and subacute scle- 
rosing panencephalistis: 

[0040] This invention also provides a phamnaceutical composition for treating a disease or condition the treatment 
of which can be effected or facilitated by altering dopamine mediated neurotransmission in a mammal comprising a 
compound of fonnula 1 in an amount effective in treating said disease or condition and a pharmaceutically acceptable 
40 carrier. 

[0041] This invention also provides a phamnaceutical composition for treating a disease or condition the treatment 
of which can be effected or facilitated by altering dopamine mediated neurotransmission in a mammal comprising a 
compound of fonnula 1 in an amount effective to inhibit cdkS and a phamnaceutical ly acceptable carrier. 
[0042] This invention also provides a method fortreating a disease or condition the treatment of which can be effected 
45 or facilitated by altering dopamine mediated neurotransmission In a mammal comprising administering to the mammal 
a compound of formula 1 in an amount effective in Inhibiting cdkS activity. 

[0043] This invention also provides a method fortreating a disease orcondition the treatment of which can be effected 
or facilitated by altering dopamine mediated neurotransmission in a mammal comprising administering to the mammal 
a compound of fonnula 1 in an amount effective in treating said disease or condition. 
so [0044] In one embodiment of the invention, the disease or condition the treatment of which can be effected or facil- 
itated by altering dopamine mediated neurotransmission is selected from Parkinson's disease; schizophrenia; schiz- 
ophrenifomn disorder; schizoaffective disorder, for example of the delusional type or the depressive type; delusional 
disorder; substance-induced psychotic disorder, for example psychosis induced by alcohol, amphetamine, cannabis, 
cocaine, hallucinogens, inhalants, opioids, orphencyciidine; personality disorder of the paranoid type; personality dis- 
order of the schizoid type; drug addiction, including narcotic (e.g. heroin, opium, and morphine), cocaine and alcohol 
addiction; drug withdrawal, including narcotic, cocaine and alcohol withdrawal; obsessive compulsive disorder; 
Tourette's syndrome; depression; a major depressive episode, a manic or mixed mood episode, a hypomanic mood 
episode, a depressive episode with atypical features or with melancholic features or catatonic features, a mood episode 
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with postpartum onset; post-stroke depression, major depressive disorder, dysthymic disorder, minor depressive dis- 
order, premenstrual dysphoric disorder, post-psychotic depressive disorder of schizophrenia, a major depressive dis- 
order superimposed on a psychotic disorder such as delusional disorder or schizophrenia, a bipolar disorder, for ex- 
ample bipolar I disorder, bipolar 11 disorder, cyclothymic disorder; anxiety; attention deficit and hyperactivity disorder; 
5 and attention deficit disorder. 

[0045] This invention also provides a method for treating a disease or condition facilitated by cdkS activity in a mam- 
mal which method comprises administering to the mammal a compound of formula 1 in an amount effective in inhibiting 
cdkS activity. 

[0046] We have also found that the compounds of formula 1 have activity in inhibiting GSK-3. The compounds of 
10 . formula 1 therefore can be expected to be useful in treating diseases and conditions the treatment of which can be 
effected or facilitated by inhibition of GSK-3. Diseases and conditions the treatment of which can be effected or facil- 
itated by inhibiting GSK-3 include neurodegenerative diseases and conditions. Neurodegenerative diseases and con- 
ditions are discussed above and include, but are not (imited to, for example Alzheimer's disease, Parkinson's disease, 
Huntington's disease, amyotrophic lateral sclerosis, multiple sclerosis, stroke, cerebral ischemia, AIDS-related demen- 
ts tia, neurodegeneration associated with bacterial infection, multiinfarct dementia, traumatic brain injury, and spinal cord 
trauma. Therefore, compounds of formula 1 are effective in treating neurodegenerative diseases and conditions based 
on both cdk5 activity and GSK-3 activity. 

[0047] Other diseases and conditions the treatment of which can be effected or facilitated by Inhibiting GSK-3 include 
psychotic disorders and conditions, for example schizophrenia, schizophreniform disorder; schizoaffective disorder, 

20 for example of the delusional type or the depressive type; delusional disorder; substance-induced psychotic disorder, 
for example psychosis induced by alcohol, amphetamine, cannabis, cocaine, hallucinogens, inhalants, opioids, or 
phencyclidine; personality disorder of the paranoid type; and personality disorder of the schizoid type. The treatment 
of such diseases and conditions can also be effected or facilitated by altering doparnine mediated neurotransmission. 
Therefore, compounds of formula 1 are effective in treating such disorders and conditions based on both cdkS activity 

25 and GSK-3 activity, 

[0048] Other disorders and conditions the treatment of which can be effected orfacilitated by inhibiting GSK-3 include 
mood disorders and mood episodes, for example a major depressive episode, a manic or mixed mood episode, a 
hypomanic mood episode, a depressive episode with atypical features or with melancholic features or catatonic fea- 
tures, a mood episode with postpartum onset; post-stroke depression, major depressive disorder, dysthymic disorder, 

50 minor depressive disorder, premenstrual dysphoric disorder, post-psychotic depressive disorder of schizophrenia, a 
major depressive disorder superimposed on a psychotic disordersuch as delusional disorder or schizophrenia, a bipolar 
disorder, for example bipolar I disorder, bipolar II disorder, and cyclothymic disorder. The treatment of such mood 
disorders and episodes, for example depression, can also be effected or facilitated by altering dopamine mediated 
neurotransmission. Therefore, compounds of formula 1 are effective In treating certain mood disorders and mood 

35 episodes based on both cdk5 activity and GSK-3 activity. 

[0049] Other disorders and conditions the treatment of which can be effected or facilitated by inhibiting GSK-3 are 
male fertility and sperm motility; diabetes mellitus; impaired glucose tolerance; metabolic syndrome or syndrome X; 
polycystic ovary syndrome; adipogenesis and obesity; myogenesis and frailty; for example age-related decline in phys- 
ical performance; acute sarcopenia, for example muscle atrophy and/or cachexia associated with bums, bed rest, limb 

40 immobilization, or major thoracic, abdominal, and/or orthopedic surgery; sepsis; spinal cord injury; hair loss, hairthin- 
ning, and balding; immunodeficiency; and cancer. 

[0050] Accordingly, the present invention also provides a pharmaceutical composition for treating in a mammal. 
Including a human, a disease or condition selected from male fertility and spenn motility; diabetes mellitus; Impaired 
glucose tolerance; metabolic syndrome or syndrome X; polycystic ovary syndrome; adipogenesis and obesity; myo- 
45 genesis and frailty, for example age-related decline in physical performance; acute sarcopenia, for example muscle 
atrophy and/or cachexia associated with burns, bed rest, limb immobilization, or major thoracic, abdominal, and/or 
orthopedic surgery; sepsis; hair loss, hair thinning, and balding; and immunodeficiency; which composition comprises 
a phannaceutically acceptable carrier and an amount of a compound of formula 1 effective in treating said disease or 
condition. 

so [0051] The present invention further provides a phannaceutical composition for treating in a mammal, including a 
human, a disease or condition selected from male fertility and spenn motility; diabetes mellitus; impaired glucose 
tolerance; metabolic syndrome or syndrome X; polycystic ovary syndrome; adipogenesis and obesity; myogenesis and 
frailty, for example age-related decline in physical performance; acute sarcopenia, for example muscle atrophy and/ 
or cachexia associated with burns, bed rest, limb immobilization, or major thoracic, abdominal, and/or orthopedic sur- 

55 gery; sepsis; hair loss, hair thinning, and balding; and immunodeficiency; which composition comprises a phannaceu- 
tically acceptable carrier and an amount of a compound of formula 1 effective in inhibiting GSK-3. 
[0052] The present invention also provides a method for treating in a mammal, including a human, a disease or 
condition selected from male fertility and sperm motility; diabetes mellitus; impaired glucose tolerance; metabolic syn- 
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drome or syndrome X; polycystic ovary syndrome; adipogenesis and obesity; myogenesis and frailty, for example age- 
related decline in physical performance; acute sarcopenia, for example muscle atrophy and/or cachexia associated 
with burns, bed rest, limb immobilization, or major thoracic, abdominal, and/or orthopedic surgery; sepsis; hair loss, 
hair thinning, and balding; and immunodeficiency; which method comprises administering to said mammal an amount 
of a compound of formula 1 effective in treating said disease or condition. 

[0053] The present invention also provides a method for treating in a mammal, including a human, a disease or 
condition selected from male fertility and spemn motility; diabetes mellitus; impaired glucose tolerance; metabolic syn- 
drome or syndrome X; polycystic ovary syndrome; adipogenesis and obesity; myogenesis and frailty, for example age- 
related decline in physical perfomiance; acute sarcopenia, for example muscle atrophy and/or cachexia associated 
with bums, bed rest, limb immobilization, or major thoracic, abdominal, and/or orthopedic surgery; sepsis; hair loss, 
hair thinning, and balding; and immunodeficiency; which method comprises administering to said mammal an amount 
of a compound of formula 1 effective in inhibiting GSK-3. 

[0054] The present invention further provides a method for inhibiting GSK-3 in a mammal, including a human, which 
method comprises administering to said mamma! an amount of a compound of fomnula 1 effective in inhibiting GSK-3. 
[0055] The present invention further provides a phamnaceutical composition for treating In a mammal a disorder 
selected from Alzheimer's disease, mild cognitive impainnent, and age-related cognitive decline comprising a com- ' 
pound of fomriula 1 and a COX-II inhibitor together in an amount effective in treating said disorder, and a pharmaceu- 
tical ly acceptable carrier. 

[0056] This invention also provides a method for treating in a mammal a disorder selected from Alzheimer's disease, 
mild cognitive impariment, and age-related cognitive decline which method comprises administering to said mammal 
a compound of formula 1 and a COX-II inhibitor, wherein the combined amounts of the compound of fomiula 1 and 
the COX-II inhibitor are effective in treating said disorder. The compound of fonnula 1 and the COX-II inhibitor can be 
administered to the mammal at the same time and/or at different times. Moreover, they may be administered together 
in a single pharmaceutical composition or in separate pharmaceutical compositions. 

[0057] Moreover, a compound of fomnula 1 of the invention, or a pharmaceutically acceptable salt of a compound of 
formula 1 , can be administered or fonnulated into a phamnaceutical composition with one or more anti-depressants or 
anxiolytic compounds for treatment or prevention of depression and/or anxiety. 

[0058] Accordingly, this Invention also provides a phannaceutical composition for treating depression or anxiety in 
a mammal comprising a compound of fomiula 1 and an NK-1 receptor antagonist together in an amount effective in 
30 treating depression or anxiety, and a phamnaceutically acceptable carrier. 

[0059] This invention further provides a method for treating depression or anxiety in a mammal which method com- 
prises administering to said mammal a compound of fomnula 1 and an NK-1 receptor antagonist, wherein the combined 
amounts of the compound of fomnula 1 and the NK-1 receptor antagonist are effective in treating depression or anxiety. 
The compound of fomnula 1 and the NK-1 receptor antagonist can be administered to the mammal at the same time 
and/or at different times. Moreover, they may be administered together in a single pharmaceutical composition or in 
separate phamnaceutical compositions. 

[0060] This invention also provides a pharmaceutical composition for treating depression or anxiety In a mammal 
comprising a compound of fomnula 1 and a SHT^o receptor antagonist together in an amount effective in treating 
depression or anxiety, and a phamnaceutically acceptable carrier. 

[0061] This invention further provides a method for treating depression or anxiety in a mammal which method com- 
prises administering to said mammal a compound of fomnula 1 and a SHT^q receptor antagonist wherein the combined 
amounts of the compound of formula 1 and the SHT^q receptor antagonist are effective in treating depression or anxiety. 
The compound of formula 1 and the SHT^d receptor antagonist can be administered to the mammal at the same time 
and/or at different times. Moreover, they may be administered together in a single pharmaceutical composition or in 
45 separate phamnaceutical compositions. 

[0062] This invention also provides a phamnaceutical composition for treating depression or anxiety in a mammal 
comprising a compound of fomnula 1 and a SSRI together in an amount effective in treating depression or anxiety, and 
a pharmaceutically acceptable carrier. 

[0063] This invention further provides a method for treating depression or anxiety in a mammal which method com- 
prises administering to said mammal a compound of fomnula 1 and a SSRI, wherein the combined amounts of the 
compound of fonnula 1 and the SSRI are effective in treating depression or anxiety. The compound of formula 1 and 
the SSRI can be administered to the mammal at the same time and/or at different times. Moreover, they may be 
administered together in a single phamnaceutical composition or in separate pharmaceutical compositions. 
[0064] This invention also provides a phamnaceutica! composition for treating schizophrenia in a mammal comprising 
a compound of formula 1 and as antipsychotic selected from ziprasidone, olanzapine, risperidone, L-745870, sonepi- 
prazole, RP 62203, NGD 941, balaperidone, flesinoxan, and gepirone, together in an amount effective in treating 
schizophrenia, and a phanmaceutically acceptable carrier. 

[0065] This invention further provides a method for treating schizophrenia in a mammal which method comprises 
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administering to said mammal a compound of fomnula 1 and an antipsychotic selected from ziprasidone, olanzapine, 
risperidone, L-745870, sonepiprazole, RP 62203. NGD 941 , balaperidone, fleslnoxan, and geplrone, wherein the com- 
bined amounts of the cdk5 inhibitor and the antipsychotic are effective in treating schizophrenia. The compound of 
formula 1 and the antipsychotic can be administered to the mammal at the same time and/or at different times. Moreover, 
5 they may be administered together in a single pharmaceutical composition or in separate phamriaceutical compositions. 
[0066] This invention also provides a pharmaceutical composition for treating a disorder selected from Alzheimer's 
disease, mild cognitive impairment, and age-related cognitive decline in a mammal comprising a compound of formula 
1 and an acetylchoiinesterase inhibitor together in an amount effective in treating said disorder, and a pharmaceuticaliy 
acceptable carrier. 

10 [0067] This invention further provides a method for treating in a mammal a disorder selected from Alzheimer's dis- 
ease, mild cognitive impairment, and age-related cognitive decline, which method comprises administering to said 
mammal a compound of formula 1 and an acetylcholinesterase inhibitor, wherein the combined amounts of the com- 
pound of fomnula 1 and the acetylcholinesterase inhibitor are effective in treating said disorder. The compound of 
formula 1 and the acetylcholinesterase inhibitor can be administered to the mammal at the same time and/or at different 

^5 times. 

[0068] This invention also provides a pharmaceutical composition for treating a disease or condition selected from 
stroke, spinal cord trauma, traumatic brain injury, multlinfarct dementia, epilepsy, pain, Alzheimer's disease, and senile 
dementia comprising a compound of formula 1 and TPA (tissue plasminogen activator, for example ACTIVASE^*^ (al- 
leplase)) together in an amount effective in treating said disorder, and a pharmaceuticaliy acceptable carrier. 

20 [0069] This invention further provides a method for treating in a mammal a disease or condition selected from stroke, 
spinal cord trauma, traumatic brain injury, multlinfarct dementia, epilepsy, paln,> Alzheimer's disease, and senile de- 
mentia, which method comprises administering to said mammal a compound of formula 1 and TPA, wherein the com- 
bined amounts of the compound of formula 1 and the TPA are effective in treating said disease or condition. The 
compound of formula 1 and the TPA can be administered to the mammal at the same time and/or at different times. 

25 Moreover, they may be administered together in a single pharmaceutical composition or in separate pharmaceutical 
compositions. 

[0070] This invention also provides a pharmaceutical composition for treating a disease or condition selected from 
stroke, spinal cord trauma, traumatic brain injury, multlinfarct dementia, epilepsy, pain, Alzheimer's disease, and senile 
dementia in a mammal comprising a compound of formula 1 and NIF (neutrophil inhibitory factor)' together in an amount 

30 effective in treating said disorder, and a pharmaceuticaliy acceptable carrier. 

[0071 ] This invention further provides a method for treating in a mammal a disease or condition selected from stroke, 
spinal cord trauma, traumatic brain injury, multlinfarct dementia, epilepsy, pain, Alzheimer's disease, and senile de- 
mentia, which method comprises administering to said mammal a compound of fonnula 1 and NIF, wherein the com- 
bined amounts of the compound of formula 1 and the NIF are effective in treating said disease or condition. The 

55 compound of fomiula 1 and the NIF can be administered to the mammal at the same time and/or at different times. 
Moreover, they may be administered together in a single phamriaceutical composition or in separate phannaceutical 
compositions. 

[0072] This invention also provides a pharmaceutical composition for treating a disease or condition selected from 
Huntington's disease, stroke, spinal cord trauma, traumatic brain injury, muitiinfarct dementia, epilepsy, amyotrophic 

40 lateral sclerosis, pain, viral Induced dementia for example AIDS induced dementia, migraine, hypoglycemia, urinary 
incontinence, brain ischemia, multiple sclerosis, Alzheimer's disease, senile dementia of the Alzheimer's type, mild 
cognitive impairment, age-related cognitive decline, emesis, corticobasal degeneration, dementia pugillstica, Down's 
syndrome, myotonic dystrophy, Niemann-PIck disease, Pick's disease, prion disease with tangles, progessive supra- 
nuclear palsy, lower lateral sclerosis, and subacute sclerosing panencephaiistis in a mammal comprising a compound 

45 of formula 1 and an NMDA receptor antagonist together in an amount effective in treating said disorder, and a phar- 
maceuticaliy acceptable carrier 

[0073] This invention further provides a method for treating in a mammal a disease or condition selected from Hunt- 
ington's disease, stroke, spinal cord trauma, traumatic brain injury, muitiinfarct dementia, epilepsy, amyotrophic lateral 
sclerosis, pain, viral induced dementia for example AIDS induced dementia, migraine, hypoglycemia, urinary inconti- 

50 nence, brain Ischemia, multiple sclerosis, Alzheimer's disease, senile dementia of the Alzheimer's type, mild cognitive 
impairment, age-related cognitive decline, emesis, corticobasal degeneration, dementia pugillstica, Down's syndrome, 
myotonic dystrophy, Niemann-PIck disease, Pick's disease, prion disease with tangles, progessive supranuclear palsy, 
lower lateral sclerosis, and subacute sclerosing panencephaiistis, which method comprises administering to said mam- 
mal a compound of formula 1 and an NMDA receptor antagonist, wherein the combined amounts of the compound of 

55 formula 1 and the NMDA receptor antagonist are effective in treating said disease or condition. The compound of 
formula 1 and the NMDA receptor antagonist can be administered to the mammal at the same time and/or at different 
times. Moreover, they may be administered together in a single pharmaceutical composition or in separate pharma- 
ceutical compositions. 
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[0074] This invention also provides a pharmaceutical connposition for treating a disease or condition selected from 
stroke, spinal cord trauma, traumatic brain injury, multiinfarct dementia, epilepsy, pain, Alzheimer's disease, and senile 
dementia in a mammal comprising a compound of formula 1 and a potassium channel modulator together in an amount 
effective in treating said disorder, and a pharmaceutically acceptable carrier. 

[0075] This invention further provides a method for treating In a mammal a disease or condition selected from stroke, 
spinal cord trauma, traumatic brain injury, multiinfarct dementia, epilepsy, pain, Alzheimer's disease, and senile de- 
mentia, which method comprises adnninistering to said mammal a compound of fomnula 1 and a potassium channel 
modulator, wherein the combined amounts of the compound of formula 1 and the potassium channel modulator are 
effective in treating said disease or condition. The compound of fomnula 1 and the potassium channel modulator can 
be administered to the mammal at the same time and/or at different times. Moreover, they may be administered together 
in a single pharmaceutical composition or in separate phamriaceuticaf compositions. 

[0076] The terms 'treatment", "treating", and the like, refers to reversing, alleviating, or inhibiting the progress of the 
disease or condition to which such term applies, or one or more symptoms of such disease or condition. As used 
herein, these terms also encompass, depending on the condition of the patient, preventing the onset of a disease or 
condition, or of symptoms associated with a disease or condition, Including reducing the severity of a disease or con- 
dition or symptoms associated therewith prior to affliction with said disease or condition. Such prevention or reduction 
prior to affliction refers to administration of the compound of the invention to a subject that is not at the time of admin- 
istration afflicted with the disease or condition. "Preventing" also encompasses preventing the recurrence of a disease 
or condition or of symptoms associated therewith. 

[0077] "Mammal", as used herein, and unless otherwise indicated, means any mammal. The term "mammal" in- 
cludes, for example and without limitation, dogs, cats, and humans. 

[0078] "Abnonmal cell growth", as used herein, refers to cell growth, either malignant (e.g. as in cancer) or benign, 
that is independent of nornial regulatory mechanisms (e.g., loss of contact inhibition). Examples of benign proliferative 
diseases are psoriasis, benign prostatic hypertrophy, human papilloma virus (HPV), and restinosis. 
[0079] "Neurodegenerative diseases and conditions", as used herein, refers to diseases and conditions having as- 
sociated therewith degeneration of neurons. Conditions and diseases that are neurodegenerative in nature are gen- 
erally known to those of ordinary skill in the art. . 

[0080] References herein to diseases and conditions "the treatment of which can be effected or facilitated by altering 
dopamine mediated neurotransmission" mean a disease or condition that is caused at least in part by dopamine neu- 
rotransmission, or a disease or condition that result in abnomial dopamine neurotransmission. . thus contributing to 
symptoms or manifestations of the disease or condition. 

[0081] References herein to diseases and conditions "the treatment of which can be effected or faciliatated by de- 
creasing cdkS activity" mean a disease or condition that is caused at least in part by cdk5 activity, or a disease or 
condition that results in abnormal cdkS activity that contributes to symptoms or manifestations of the disease or con- 
dition. 

[0082] An "amount effective to inhibit cdkS activity" as used herein refers to an amount of a compound sufficient to 
bind to the enzyme cdk5 with the effect of decreasing cdkS activity. 

[0083] An "amount effective to inhibit cdk2 activity" as used herein refers to an amount of a compound sufficient to 
bind to the enzynne cdk2 with the effect of decreasing cdk2 activity. 

Detailed Description of the Invention 

[0084] Compounds of the fonnula 1 , above, and their pharniaceutically acceptable salts, can be prepared according 
to the following reaction Schemes and discussion. Unless otherwise indicated R^ R^, and are as defined above. 
Isolation and purification of the products is accomplished by standard procedures which are known to a chemist of 
ordinary skill. 

[0085] As used herein, the expression "reaction inert solvent" refers to a solvent system in which the components 
do not interact with starting materials, reagents, or intennediates of products in a manner which adversely affects the 
yield of the desired product. 

[0086] During any of the following synthetic sequences it may be necessary and/or desirable to protect sensitive or 
reactive groups on any of the molecules concerned. This may be achieved by means of conventional protecting groups, 
such as those described in T. W. Greene, Protective Groups in Organic Chemistry, John Wiley & Sons, 1981; and T 
W. Greene and P. G. M. Wuts, Protective Groups in Organic Chemistry, John Wiley & Sons, 1991 . 
[0087] Scheme 1 illustrates methods suitable for preparing compounds of formula 1 wherein R^ is a bond or C(=0). 
Treatment of an aldehyde 2 with 5,5-dibromobariDituric acid in an inert organic solvent such as diethyl ether at about 
23°C for approximately 13 hours affords a-bromoaldehyde 3 which can then be reacted with thiourea C. If R3 is a bond 
and R^ is aryl, heteroaryl. heterocyclic, alkyi, or cycloalkyi, then compounds of formula 1 are obtained. If R3 is a bond 
and R4 is H, then aminothiazoles of fomiula 4 are obtained. These aminothiazoles (4) can then be reacted with an acid 
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chloride CIC(=O)(CR''0R11)^r4, acid anhydride (R^(CR''0ri1)^C(=O))2O, or an activated carboxylic acid derivative XC 
(=0)(CR"'°R'''*)nR^. wherein the activated carboxylic acid derivative is prepared from the carboxylic acid HOC{=0) 
(CR^^R'*^)nR* and known activating reagents such as dicyclohexyl carbodlinnide, 1-(3-dimethylanninopropyl)-3-ethyl- 
carbodiimide hydrochloride, carbonyl diimidazole, 1-propanephosphonic acid cyclic anhyrdide, alkyi or aryl chlorofor- 

5 nnate, bis(2-oxo-3-oxa2olidinyl)phosphinic chloride. benzotria2ol-1-yloxy-trls(dimethylamino)phosphonium hexafluor- 
ophosphate, or any other such standard literature reagents in the presence of a base, such as triethylannine, diisopro- 
pyiethylamine, pyridine: or 2,6-luttdine, wherein, 1 -propanephosphonic acid cyclic anhyrdide and triethylannine are a 
preferred connbination, from about -78 *'C to about 40 ®C, to afford 1 where R^ is C(=0)(CR''OR'''')n and R"^ is as defined 
above. Alternatively, 2-aminothia2ole 4 can be treated with a base, such as triethylamine, diisopropylethylamine, py- 

10 ridine, or 2,6-lutidine, and an alkyI or aryl chloroformate, where diisopropylethylannine and phenyl chlorofomnate are a 
preferred combination, from about -78 °C to about 40 ^'C, where about -78 ''C to about -40 ''C are preferred, to afford 

1 where R^ is C(=0)0 and R"* is phenyl. Subsequent treatment of phenyl carbamate 1 with a primary or secondary 
amine in a solvent such as dioxane, dimethylformamide, or acetonitrile, where dioxane is preferred, at a temperature 
between about 50 °C and about 110 **C, where about 100 **C is preferred, affords the corresponding urea product 1 

15 where R^ is C(=0)NR9. 

[0088] Scheme 2 Illustrates an alternative method for preparing compounds of formula 1. A solution of 2-aminothl- 
azole in tetrahydrofuran at about -78 Is treated with 2 equivalents of n-butyllithium, is stirred approximately 1 hour, 

2 equivalents of chlorotrimethylsilane are added dropwise, then the solution Is wanned to about -10 ^'C. The solution 
Is cooled back to aboul-78 ^'C, 1 equivalent of n-butyllithium is added dropwise and after approximately 1 0 minutes a 

20 solution of a ketone or aldehyde in tetrahydrofuran is added. Following aqueous work-up and silica gel chromatography, 
aminothiazoles of formula 5 are obtained where A and B are defined as above. Dissolution of 5 in trifluoroacetic acid 
followed by treatment with either triethylsilane or a noble.metal catalyst, such as palladium hydroxide on carbon, and 
hydrogen gas (3 atmospheres), leads to hydrogenolysis of the hydroxyl. The aminothiazoles (4) thus obtained can be 
treated with a carboxylic acid (HO(=O)C(CR'i0R"'"')„R'*), propanephosphonic acid cyclic anhydride, and triethylamine 

25 In a solvent such as ethyl acetate or dichloromethane to afford compounds of formula 1 . Alternatively. 2-aminothiazole 
4 can be treated with a base, such as triethylamine, diisopropylethylamine, pyridine, or 2,6-lutidine, and an alkyI or aryl 
chloroformate, where diisopropylethylamine and phenyl chloroformate are a preferred combination, from about -78 
to about 40 where about -78 °C to about -40 ^'C are preferred, to afford 1 where R3 is C(=0)0 and R^ is phenyl. 
Subsequent treatment of phenyl carbamate 1 with a primary or secondary amine in a solvent such as dioxane, dimeth- 

30 ylformamide. or acetonitrile. where dioxane is preferred, at a temperature between about 50 ''C and about 110 ""C, 
where about 100 is preferred, affords the corresponding urea product 1 where R^ is C(=0)NR®. 
[0089] Scheme 3 depicts a method for preparing compounds of formula 1 wherein R"" is ABN-. An aqueous solution 
consisting of 5-bromo-2-aminothiazole (6) and 20% tetrafluoroboric acid are added to an aqueous slurry of copper 
powder and sodium nitrite at about O^'C, followed by warming to about 23**C. Standard work-up and purification by 

35 radial chromatography afford 5-bromo-2-nitrothia2ole 7. Treatment of 7 with triethylamine and ABNH hydrochloride in 
dimethylsulfoxide at about SO'^C affords 8. Dissolution of 8 in a solvent such as ethyl acetate and treatment with pal- 
ladium on carbon and hydrogen gas (3 atmospheres) affords aminothiazole 4. The aminothiazoles thus obtained can 
be treated with a carboxylic acid (HO(=0)C(CR''OR^^)nR'*), propanephosphonic acid cyclic anhydride, and triethylamine 
in a solvent such as ethyl acetate or dichloromethane to afford compounds of formula 1. 

40 [0090] Schenrie 4 depicts a method for preparing compounds of fonnula 1 wherein R"" is nitrogen ^substituted cy- 
cloalkyl. A dry solution of cyclobutanone-3-carboxylic acid 9 in tetrahydrofuran is treated with diphenylphosphoryl azide 
and triethylamine at about 23°C and is warmed at about 60°C. After nitrogen evolution has ceased, benzyl alcohol is 
added to provide 10. A solution of 2-amlnothlazole in tetrahydrofuran at about -78 °C is treated with 2 equivalents of 
n-butyllithium, is stirred approximately 1 hour, 2 equivalents of chlorotrimethylsilane are added dropwise, then the 

45 solution is wanned to about -10 ''C. The solution is cooled back to about -78 °C, 1 equivalent of n-butyllithium is added 
dropwise and after approximately 10 minutes a solution of ketone 10 in tetrahydrofuran is added. Following aqueous 
work-up and silica gel chromatography, aminothiazole of formula 5 is obtained. Treatment of 5 in methylene chloride 
- trifluoroacetic acid with triethylsilane yields 4. Removal of the benzyloxycarbonyl protecting group with methanesul- 
fonic acid (8 equiv.) in trifluoroacetic acid followed by selective acyiation of the cyctoalkyi amine with an acid anhydride 

50 RSC(=0)0C(=0)R® and triethylamine in methylene chloride gives 4. Acyiation of the aminothiazole nitrogen can be 
accomplished by mixing a carboxylic acid (HO(=O)C(CR''0R"''')nR^), propanephosphonic acid cyclic anhydride, and 
triethylamine in a solvent such as ethyl acetate or dichloromethane to afford compounds of fomriula 1 . 
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[0091] Phamiaceutically acceptabfe salts of a compound of formula 1 can be prepared in a conventional manner by 
45 treating a solution or suspension of the corresponding free base or acid with one chemical equivalent of a pharmaceu- 
tlcally acceptable acid or base. Conventional concentration or crystallization techniques can be employed to isolate 
the salts. Illustrative of suitable acids are acetic, lactic, succinic, maleic, tartaric, citric, gluconic, ascorbic, benzoic, 
cinnamic, fumaric, sulfuric, phosphoric, hydrochloric, hydrobromic, hydroiodic, sulfamic, sulfonic acids such as meth- 
anesulfonic, benzene sulfonic, p-toluenesulfonic, and related acids. Illustrative bases are sodium, potassium, and cal- 
50 cium. 

[0092] A compound of this invention may be administered alone or in combination with pharmaceutically acceptable 
carriers, in either single or multiple doses. Suitable pharmaceutical carriers include inert solid diluents or fillers, sterile 
aqueous solutions and various organic solvents. The phamnaceutical compositions formed by combining a compound 
of formula 1 or a phamnaceuticaliy acceptable salt thereof can then be readily administered in a variety of dosage forms 
55 such as tablets, powders, lozenges, syrups, injectable solutions and the like. These pharmaceutical compositions can, 
if desired, contain additional ingredients such as flavorings, binders, excipients and the like. Thus, for purposes of oral 
administration, tablets containing various excipients such as sodium citrate, calcium carbonate and calcium phosphate 
may be employed along with various disintegrants such as starch, methylcellulose. alginic acid and certain complex 
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silicates, together with binding agents such as polyvinylpyn-olidone, sucrose, gelatin and acacia. Additionally, lubricating 
agents such as magnesium stearate, sodium lauryl sulfate and talc are often useful for tabletting purposes. Solid 
compositions of a similar type may also be employed as fillers In soft and hard filled gelatin capsules. Preferred materials 
for this include lactose or milk sugar and high molecular weight poiyethylene glycols. When aqueous suspensions or 
5 elixirs are desired for oral administration, the essential active ingredient therein may be combined with various sweet- 
ening or flavoring agents, coloring matter or dyes and, If desired, emulsifying or suspending agents, together with 
diluents such as water, ethanol, propylene glycol, glycerin and combinations thereof. 

[0093] For parenteral administration, solutions containing a compound of this invention or a pharmaceutlcally ac- 
ceptable salt thereof in sesame or peanut oil, aqueous propylene glycol, or in sterile aqueous solution may be employed. 
10 Such aqueous solutions should be suitably buffered if necessary and the liquid diluent first rendered isotonic with 
sufficient saline or glucose. These particular aqueous solutions are especially suitable for intravenous, intramuscular, 
subcutaneous and intraperitoneal administration. The sterile aqueous media employed are all. readily available by 
standard techniques known to those skilled in the art. 

[0094] A compound of fomiula 1 or a pharmaceutlcally acceptable salt thereof can be administered orally, transder- 
mally (e.g., through the use of a patch), parenterally (e.g. intravenously), rectally, or topically, in general, the daily 
dosage for treating a neurodegenerative disease or condition or the disease or condition the treatment of which can 
be effected or facilitated by altering dopamine mediated neurotransmission will generally range from about 0.0001 to 
about 10 .0 mg/kg body weight of the patient to be treated. The daily dosage for treating cancer or disease or condition 
involving abnomial cell growth of a benign nature will also generally range from about 0.0001 to about 500 mg/kg body 
weight of the patient to be treated. As an example, a compound of the fomiula 1 or a pharmaceutical ly acceptable salt 
thereof can be administered for treatment of a neurodegenerative disorder to an adult human of average weight (about 
70kg) in a dose ranging from about 0.01 mg up to about 1 000 mg per day, preferably from about 0. 1 to about 500 mg 
per day. in single or divided (i.e.. multiple) portions. The daily dosage for treating diabetes, spenn motility, hair loss, or 
any other disease or condition that can be treated by inhibiting GSK-3 will generally range from about 0.0001 to about 
10.0 mg/kg body weight of the patient to be treated. Variations based on the aforementioned dosage ranges may be 
made by a physician of ordinary skill taking into account known considerations such as the weight, age, and condition 
of the person being treated, the severity of the affliction, and the particular route of administration chosen. 
[0095] The compounds of fomnula 1 and their phanmaceutically acceptable salts can furthermore also be administered 
or formulated into a phannaceutical composition with an amount of one or more substances selected from anti-angio- 
genesis agents, signal transduction inhibitors, and antiproliferative agents, which amounts are together effective in 
inhibiting abnormal cell growth. 

[0096] Anti-angiogenesis agents, such as MMP-2 (matrix-metalloproteinase 2) inhibitors. MMP-9 (matrix-metallo- 
proteinase 9) inhibitors, and COX-II (cyclooxygenase II) inhibitors, can be used in conjunction with a compound of 
formula 1 in the methods and pharmaceutical compositions described herein for treatment of abnormal cell growth, 
including cancer. Examples of useful COX-II inhibitors include CELEBREX^m (celecoxib), valdecoxib, and rofecoxib! 
Examples of useful matrix metalloproteinase inhibitors are described in WO 96/33172 (published October-24, 1996), 
WO 96/27583 (published March 7, 1996), European Patent Application No. 97304971.1 (filed July 8, 1997), Europeari 
Patent Application No. 99308617.2 (filed October 29, 1999), WO 98/07697 (published February 26, 1998), WO 
98/03516 (published January 29. 1 998), WO 98/34918 (published August 13, 1998), WO 98/34915 (published August 
40 13, 1998), WO 98/33768 (published August 6, 1998), WO 98/30566 (published July 16, 1998), European Patent Pub- 
lication 506,046 (published July 13, 1994), European Patent Publication 931,788 (published July 28, 1999) WO 
90/05719 (published May 331 , 1990). WO 99/52910 (published October 21 , 1999). WO 99/52889 (published October 
21,1 999), WO 99/29667 (published June 1 7, 1 999), POT International /Application No. PCT/IB98/01 1 1 3 (filed July 21 , 
1998), European Patent Application No. 99302232.1 (filed March 25, 1999), Great Britain patent application number 
9912961.1 (filed June 3, 1999). United States Provisional Application No. 60/148,464 (filed August 12, 1999). United 
States Patent 5,863.949 (issued January 26, 1999), United States Patent 5.861,510 (issued January 19, 1999), and 
European Patent Publication 780,386 (published June 25^ 1 997), all of which are incorporated herein in their entireties 
by reference. Prefen-ed MMP-2 and MMP-9 inhibitors are those that have little or no activity inhibiting MMP-1 . More 
prefen-ed. are those that selectively inhibit MMP-2 and/or MMP-9 relative to the other matrix -metal lop roteinases (/ e 
MMP-1, MMP-3, MMP-4, MMP-5, MMP-6, MMP-7, MMP-8, MMP-10, MMP-11. MMP-12, andMMP-13). 
[0097] Some specific examples of MMP inhibitors useful in the present invention are AG-3340. RO 32-3555, RS 
1 3-0830, and the compounds recited in the following list: 



IS 



20 



25 



30 



35 



45 



50 



55 



3-[[4-(4-fluoro-phenoxy)-ben2enesulfonyl]-(1 -hydroxycarbamoyl-cyclopentyl)-amino]-propionic acid; 

3-exo-3-[4-(4-fluoro-phenoxy)-ben2enesulfonylamino]-8-oxa-bicycloI3.2.1]octane-3-carboxylb acid hydroxya- 

mide; 

(2R, 3R) 1-[4-(2-chloro-4-fluoro-ben2yloxy)-ben2enesulfonyl]-3-hydroxy-3-methyl-piperidine-2-carboxylic acid hy- 
droxyamide; 
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4-[4-(4-fluoro-phenoxy)-ben2enesulfonylamino]-tetrahydro-pyran-4-carboxylic acid hydroxyamide; 
3.(j4-(4-fluoro-phenoxy)-benzenesuIfonyl]-(1-hydroxycarbarnoyl-cyclobutyl)-amino]-propionic acid; 
4-[4-(4-chloro-phenoxy)-ben2enesulfonylamlno]-tetrahydro-pyran-4-carboxylic acid hydroxyamide; 
(R) 3-[4-(4-chIoro-phenoxy)-benzenesulfonylamino]-tetrahydro-pyran-3-carboxylic acid hydroxyamide; 
5 (2R: 3R) 1-[4-(4-fluoro-2-methyl-benzyloxy)-ben2enesulfonyl]-3-hydroxy-3-methyl-piperidine-2-carboxylic acid 

hydroxyamide; 

3-[[4-(4-fluoro-phenoxy)-ben2enesulfonyl)-(1-hydroxycarbamoyl-1-methyl-ethyl)-amino]-propionic acid; 
3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(4-hydroxycarbamoyl-tetrahydro-pyran-4-yl)-amlno]-propionic acid; 
3-exo-3-[4-(4-chloro-phenoxy)-benzenesulfonylamino]-8-oxa-bicyclo[3.2.1]octane-3-carboxylic acid hydroxya- 
10 mide; 

3-endo-3-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-B-oxa-bicyclo[3.2.1]octane-3-carboxylic acid hydroxya- 
mide; and 

(R) 3-[4-(4^fluoro-phenoxy)-benzenesulfonylamino]-tetrahydro-furan-3-carboxylic acid hydroxyamide; 

15 and phamnaceutlcally acceptable salts and solvates of said compounds. 

[0098] Other antl-angiogenesis agents, including other COX-II inhibitors and other MMP inhibitors, can also be used 
in the present Invention. 

[0099] The effective amount of a COX-II inhibitor in combination with a cdk5 inhibitor, for example a compound of 
formula 1 , can generally be determined by a person of ordinary skill. A proposed daily effective dose range for a COX-II 

20 Inhibitor In combination with a compound of formula 1 is from about 0.1 to about 25 mg/kg body weight. The effective 
daily amount of the compound of formula 1 generally will be between about 0.0001 to about 1 0 mg/kg body weight. In 
some instances the amount of COX-II inhibitor and/or compound of formula 1 in the combination may be less than 
would be required on an individual basis to achieve the same desired effect in Inhibiting abnormal cell growth. 
[0100] A compound of formula 1 can also be used with signal transduction inhibitors, such as agents that can Inhibit 

25 EGFR (epidennal growth factor receptor) responses, such as EGFR antibodies, EGF antibodies, and molecules that 
are EGFR Inhibitors; VEGF (vascular endothelial growth factor) inhibitors; and erbB2 receptor Inhibitors, such as or- 
ganic molecules or antibodies that bind to the erbB2 receptor, for example, HERCEPTIN"'^'*^ (trastuzumab, Genentech, 
Inc. of South San Francisco, California: USA). Such combinations are useful for treating and preventing abnormal cell 
growth, including cancer, as described herein. 

30 [0101] EGFR inhibitors are described in, for example In WO 95/19970 (published July 27. 1995), WO 98/14451 
(published April 9, 1998), WO 98/02434 (published January 22, 1998), and United States Patent 5,747,498 (issued 
May 5, 1998), and such substances can be used in the present invention as described herein. EGFR-inhibiting agents 
include, but are not limited to, the monoclonal antibodies C225 and antl-EGFR 22Mab (ImClone Systems Incorporated 
of New York, New York, USA), the compounds ZD-1839 (AstraZeneca). BIBX-1382 (Boehringer Ingelheim), MDX-447 

35 (Medarex Inc. of Annandale, New Jersey, USA), and OLX-1 03 (Merck & Co. of Whitehouse Station, New Jersey, USA), 
VRCTC-31 0 (Ventech Research) and EGF fusion toxin (Seragen Inc. of Hopkinton, Massachusettes). These and other 
EGFR-inhibiting agents can be used in the present Invention. 

[0102] VEGF Inhibitors, for example SU-5416 and SU-6668 (Sugen Inc. of South San Francisco, California, USA), 
can also be combined with a compound of formula 1 . VEGF inhibitors are described in, for example in WO 99/24440 

40 (published May 20, 1999), PCT Intemational Application PCT/IB99/00797 (filed May 3, 1999), In WO 95/21613 (pub- 
lished August 17, 1995), WO 99/61422 (published December 2, 1999), United States Patent 5,834,504 (issued No- 
vember 10, 1998), WO 98/50356 (published November 12, 1998), United States Patent 5,883,113 (issued March 16, 
1999), United States Patent 5,886,020 (Issued March 23, 1999), United States Patent 5,792,783 (issued August 11, 
1998), WO 99/10349 (published March 4, 1999), WO 97/32856 (published September 12, 1997), WO 97/22596 (pub- 

45 lished June 26, 1 997), WO 98/54093 (published December 3, 1 998), WO 98/02438 (published January 22, 1 998), WO 
99/16755 (published April 8, 1999), and WO 98/02437 (published January 22, 1998), all of which are incorporated 
herein in their entireties by reference. Other examples of some specific VEGF inhibitors useful in the present invention 
are IM862 (Cytran Inc. of Kirkland, Washington, USA); antl-VEGF monoclonal antibody of Genentech, Inc. of South 
San Francisco, California; and angiozyme, a synthetic ribozyme from Ribozyme (Boulder, Colorado) and Chiron (Em- 

50 eryvllle, California). These and other VEGF Inhibitors can be used in the present invention as described herein. 

[0103] ErbB2 receptor inhibitors, such as GW-282974 (Glaxo Wellcome pic), and the monoclonal antibodies AR-209 
(Aronex Pharmaceuticals Inc. of The Woodlands, Texas, USA) and 2B-1 (Chiron), can also be combined with a com- 
pound of formula 1 , for example those indicated in WO 98/02434 (published January 22, 1998), WO 99/35146 (pub- 
lished July 15, 1999), WO 99/35132 (published July 15, 1999), WO 98/02437 (published January 22, 1998), WO 

55 97/1 3760 (published April 1 7, 1 997), WO 95/1 9970 (published July 27, 1 995), United States Patent 5,587,458 (issued 
December 24, 1996), and United States Patent 5,877,305 (issued March 2, 1999), which are all hereby incorporated 
herein in their entireties by reference. ErbB2 receptor inhibitors useful in the present invention are also described in 
United States Provisional Application No. 60/117,341 . filed January 27, 1999, and in United States Provisional Appli- 
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cation No. 60/117,346, filed January 27, 1999, both of which are incorporated in their entireties herein by reference. 
The erbB2 receptor inhibitor compounds and substances described In the aforennentloned PCT applications, U.S. 
patents, and U.S. provisional applications, as well as other compounds and substances that inhibit the erbB2 receptor, 
can be used with a compound of formula 1 , in accordance with the present invention. 

5 [01 04] A compound of formula 1 , can also be used with other agents useful in treating abnonmal cell growth creancer, 
Including, but not limited to, agents capable of enhancing antitumor immune responses, such as CTLA4 (cytotoxic 
lymphocite antigen 4) antibodies, and other agents capable of blocking CTLA4; and anti-prollferative agents such as 
famesyl protein transferase inhibitors. Specific CTLA4" antibodies that can be used in the present invention include 
those described in United States Provisional Application 60/113,647 (filed December 23, 1998) which is incorporated 

10 by reference In its entirety, however other CTLA4 antibodies can be used in the present invention. 

[0105] The compounds of fonnuia 1 can also be administered in a method for Inhibiting abnonnal cell growth In a 
mammal in combination with radiation therapy. Techniques for administering radiation therapy are known in the art, 
and these techniques can be used in the combination therapy described herein. The administration of the compound 
of the invention In this combination therapy can be determined as described herein. 

IS [0106] CdkS inhibitors, such as compounds of formula 1, can also be administered in combination with a COX-II 
inhibitor for treating Alzheimer's disease, mild cognitive impaimrient, or age-related cognitive decline. Specific examples 
of COX-H inhibitors useful in this aspect of the invention are provided above, wherein use of a COX-M inhibitor in 
combination with a compound of formula 1 for treatment of abnomnal cell growth is described. The effective amount of 
a COX-II inhibitor in combination with a cdkS inhibitor, for example a compound of fonnuia 1 , can generally be deter- 

^0 mined by a person of ordinary skill. A proposed effective dally dose range for a COX-II inhibitor in combination with a 
compound of fomnula 1 is from about 0.1 to about 25 mg/kg body weight. The daily effective amount of the compound 
of fomiula 1 generally will be between about 0.0001 to about 1 0 mg/kg body weight. In some instances the amount of 
COX-II inhibitor and/or the amount of compound of fomnula 1 in the combination may be less than would be required 
on an individual basis to achieve the same desired effect in treating Alzheimer's disease, mild cognitive impairment, 

?5 or age-related cognitive decline. 

[0107] CdkS inhibitors, such as compounds of formula 1 , can also be administered in combination with . an NIK-1 
receptor antagonist for treatment of depression or anxiety. An NK-1 receptor antagonist, as recited herein, is a sub- 
stance that is able to antagonize NK-1 receptors, thereby inhibiting tachykinin -mediated responses, such as responses 
mediated by substance P. Various NK-1 receptor antagonists are known in the art, and any such NK-1 receptor antag- 

30 onist can be utilized in the present invention as described above in combination with a cdkS inhibitor, for example a 
compound of formula 1. NK-1 receptor antagonists are described in, for example. United States Patent 5.716,965 
(issued February 10, 1998); United States Patent 5,852,038 (issued December 22, 1998); WO 90/05729 (International 
Publication Date May 31 , 1 990); United States Patent 5,807,867 (issued September 15, 1 998); United States Patent 
5,886,009 (issued March 23, 1999); United States Patent 5,939,433 (issued August 17, 1999); United States Patent 

?5 5,773,450 (issued June 30, 1998); United States Patent 5,744,480 (issued April 28, 1998); United States Patent 
5,232,929 (issued August 3. 1993); United Stated Patent 5,332,817 (issued July 26. 1994); United States Patent 
5,122,525 (issued June 16, 1992), United States Patent 5,843,966 (issued December 1, 1998); United States Patent 
5,703,240 (issued December 30, 1 997); United States Patent 5,71 9,147 (issued February 1 7, 1 998); and United States 
Patent 5,637,699 (issued June 10, 1997). Each of the foregoing U.S. patents and the foregoing published PCT Inter- 

^0 national Application are incorporated in their entireties herein by reference. The compounds described in said refer- 
ences having NK-1 receptor antagonizing activity can be used in the present invention. However, other NK-1 receptor 
antagonists can also be used in this invention. 

[0108] The effective amount of an NK-1 receptor antagonist in combination with a compound of formula 1 can gen- 
erally be detennined by a person of ordinary skill. A proposed effective daily dose range for an NK-1 receptor antagon ist 

'5 in combination with a compound of fomriula 1 is from about 0.07 to about 21 mg/kg body weight. The effective amount 
of the compound of fomaulal generally will be between abouto.0001 to about 1 0 mg/kg body weight. In some instances 
the amount of NK-1 receptor antagonist and/or the amount of compound of formula 1 in the combination may be less 
than would be required on an individual basis to achieve the same desired effect in treating depression or anxiety. 
[0109] The subject invention also provides combining a compound of fomiula 1 with a 5HT.,d receptor antagonist 

'0 for treatment of depression or anxiety. A SHl^^ receptor antagonist, as recited herein, is a substance that antagonizes 
the 5HTiD subtype of serotonin receptor. Any such substance can be used in the present invention as described above 
in combination with a compound of fomriula 1. Substances having dHT^d receptor antagonizing activity can be deter- 
mined by those of ordinary skill in the art. For example, SHT^q receptor antagonists are described in WO 98/14433 
(International Publication Date April 9, 1998); WO 97/36867 (International Publication Date October 9, 1997); WO 

5 94/21619 (International Publication Date September 29, 1994); United States Patent 5,51 0,350 (issued April 23, 1996); 
United States Patent 5,358,948 (issued October 25, 1 994); and GB 22761 62 A (published September21 . 1 994)'. These 
5HT.,D receptor antagonists, as well as others, can be used In the present invention. The aforementioned published 
patent applications and patents are Incorporated herein by reference in their entireties. 
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[0110] The effective amount of a 5HT1q receptor antagonist in combination with a cdk5 Inhibitor, for example a' 
compound of formula 1, can generally be determined by a person of ordinary skill. A proposed effective daily dose 
range for a SHTIq receptor antagonist in combination with a compound of formula 1 is from about 0.01 to about 40 
mg/kg body weight. The effective daily amount of the compound of fonnula 1 generally will be between about 0.0001 
5 to about 10 mg/kg body weight. In some instances the amount of 5HT1q receptor antagonist and/or the amount of 
compound of formula 1 in the combination may be less than would be required on an individual basis to achieve the 
same desired effect in treating depression or anxiety. 

[0111] This invention also provides a phannaceutical composition and method for treating depression or anxiety in 
a mammal comprising a compound of fonnula 1 and a SSRl. Examples of SSRIs that can be combined in a method 

fo or phamriaceutical composition with cdk5 inhibitors, for example compounds of fomnula 1 and their pharmaceutically 
acceptable salts include, but are not limited to, fluoxetine, paroxetine, sertraline, and fluvoxamine. Other SSRIs may 
be combined or administered in combination with a compound of fonnula 1 or a phamnaceutically acceptable salt 
thereof. Other antidepressants and/or anxiolytic agents with which a compound of formula 1 may be combined or 
administered include WELLBUTRIN^m (bupropion), SERZONE'^'^ (nefazodone) and EFFEXOR"^^ (venlafaxine). 

15 [0112] The effective amount of a SSRl in combination with a compound of fomiula 1 can generally be determined 
by a person of ordinary skill. A proposed effective daily dose range for a SSRl in combination with a compound of 
formula 1 is from about 0.01 to about 500 mg/kg body weight. The effective dally amount of the compound of formula 
1 generally will be between about 0.0001 to about 1 0 mg/kg body weight. In some instances the amount of SSRl and/ 
or the amount of compound of fomnula 1 in the combination may be less than would be required on an individual basis 

^0 to achieve the same desired effect in treating depression or anxiety. 

[0113] A cdk5 inhibitor, for example a compound of fonnula 1, or a phamnaceutically acceptable salt thereof, can 
also be combined with one or more antipsychotic agents, for example a dopaminergic agent, for the treatment of 
diseases or conditions the treatment of which can be effected or facilitated by altering dopamine neurotransmission, 
such as schizophrenia. Examples of antipsychotics with which a compound of the invention can be combined include 

25 ziprasidone (6-(2-{4-(1 ,2-benzisothiazol-3-yl)-1-piperazinyl)ethyl)-6-chloro-1 ,3-dihydro-2H-indol-2-one; U.S. Patent 
4,831,031 and U.S. Paitent 5,312,925); olanzapine (2-methyl-4-(4-methyl-1 -piperazinyl-10H-thieno (2,3b) (1,5)benzo- 
diazepine; U.S Patent 4,115.574 and U.S. Patent 5,229,382); risperidone (3-[2-[4-(6-fluoro-1 ,2-benzisoxazol-3-yl)- 
1 -piperidinyl]ethyl]6,7,8,9-letrahydro-2-methyl-4H-pyrido[1 ,2-a]pyrimidin-4-one; U.S. Patent 4,804,663); L:745870 
(3-(4-(4-chlorophenyl)piperazin-1-yl)methyl-1H-pyrrolo(2,3-b)pyHdine; U.S. Patent 5,432,177); sonepiprazole (S- 

30 4-(4-(2-(isochroman-1-yl)ethyl)piperazin-1-yl)benzenesulfonamide; U.S. Patent 5,877,317); RP 62203 (fananserin; 
2-(3-(4-(4-fluorophenyl)-1-piperazinyl)propyi)naphtho(1,8-c,d)isothiazole-1,1 -dioxide; U.S. Patent 5,021,420); NGD 
941 (U.S. Patent 5,633,376 and U.S. Patent 5,428,165); balaperidone ((1a,5a,6a)-3-(2-(6-(4-fluorophenyl)>3-azabicy- 
clo(3.2.0)hept-3-yl)ethyl)-2,4(1 H,3H)-quinazolinedione;U.S.Patent5,475,1 05);fleslnoxan((+)-4-fluoro-N-[^^^ 
droxymethyl-1 ,4-benzodloxanyl)]-1 -piperazinyljethyljbenzamide; U.S. Patent 4,833,142); and gepirone (4,4-dimethyl- 

35 1-(4-(4-(2-pyrimidinyI)-1-piperazinyl)butyl)-2,6-piperidinedione; U.S. Patent 4,423.049). The patents recited above in 
this paragraph are each incorporated herein by reference in their entireties. The effective daily amount of the compound 
of fomnula 1 generally will be between about 0.0001 to about 1 0 mg/kg body weight. The amount of any of the afore* 
mentioned antipsychotic agents contemplated for use in combination with a compound of formula 1 is generally the 
amount known in the^art to be useful for treating psychotic conditions. However, in some instances, the amount of the 

40 antipsychotic and/or the amount of compound of fonnula 1 in the combination may be less than would be required on 
an individual basis to achieve the same desired effect in treating depression or anxiety. It is furthermore to be understood 
that the present invention also encompasses combining a compound of formula 1 with antipsychotic or dopaminergic 
other than those in the aforementioned list. 

[0114] A proposed amount for sonepiprazole in the above-described combination with a compound of formula 1 is 
45 from about 0.005 to about 50 mg/kg body weight of the patient per day A proposed amount of RP 62203 in such 
combination Is from about 0.20 to about 6 mg/kg body weight of the patient per day. A proposed amount of NGD 941 
in such combination is from about 0.1 to about 140 mg/kg of body weight per day. A proposed amount of balaperidone 
in such combination is from about 1 to about 1 00 mg/kg body weight per day. A proposed amount of flesinoxan in such 
combination is from about 0.02 to about 1 .6 mg/kg body weight per day. A proposed amount for gepirone in such 
50 combination is from about .01 to about 2 mg/kg body weight per day. A proposed amount of L-745B70 in such combi- 
nation is from about 0.01 to about 250 mg/kg body weight per day, preferably from about 0.05 to about 1 00 mg/kg body 
weight per day. A proposed amount of risperidone in such combination Is from about 0.05 to about 50 mg/kg body 
weight per day. A proposed amount of olanzapine in such combination is from about 0.0005 to about 0.6 mg/kg body 
weight per day. A proposed amount of ziprasidone in such combination is from about 0.05 to about 10 mg/kg body 
55 weight per day. In some instances for each of the aforementioned combinations, however, the amount of each specific 
ingredient in the combination may be less than would be required on an individual basis to achieve the same desired 
effect in treating a psychotic condition. 

[01 15] This invention also provides a pharmaceutical composition and method for treating Alzheimer's disease, mild 
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cognitive impairment, or age-related cognitive decline connprising a compound of fomiula 1 and an acetylcholinesterase 
inhibitor. Acetylcholinesterase Inhibitors are known in the art, and any such acetylcholinesterase inhibitor can be used 
in the above-described phannaceutical composition or method. Examples of acetylcholinesterase inhibitors that can 
be used in this invention are ARICEPT (donepezil; U.S. Patent 4,895.841); EXELON (rivastigmine ((S)-[N-ethyl- 

5 3-[1-(dimethylamino)ethyl]phenyl carbamate); U.S. Patent 5,603,176 and U.S. Patent 4,948,807); metrifonate 
((2,2,2-trichloro-1-hydroxyethyI)phosphonic acid dimethyl ester; U.S. Patent 2,701,225 and U.S. Patent 4,950,658); 
galantamine (U.S. Patent 4,653,318); physostigmine (Forest, USA); tacrine (1 ,2,3,4-tetrahydro-9-acridinamine; U.S.' 
Patent 4,816,456); huperzine A (5R-(5a,9p,11E))-5-amino-11-ethylidene-5,6.9,10-tetrahydro-7-methyl-5,9-^^^ 
cycloocta(b)pyridin-2-(1 H)-one); and icopezil (5.7-dihydro-3-(2-(1 -(phenylmethyl)-4-piperidinyl)ethyl)-6H-pyrrolo 

*o (3,2-f)-1 ,2-benzisoxa2ol-6-one; U.S. Patent 5,750,542 and WO 92/1 7475). The patents and patent applications recited 
above in this paragraph are herein incorporated by reference in their entireties. 

[0116] The effective amount of an acetylcholinesterase inhibitor in combination with a compound of formula 1 can 
generally be determined by a person of ordinary skill. A proposed effective daily dose range for an acetylcholinesterase 
inhibitor in combination with a compound of fomnula 1 is from about 0.01 to about 10 mg/kg body weight. The effective 
daily amount of the compound of fomriula 1 generally will be between about 0.0001 to about 1 0 mg/kg body weight. In 
some instances the amount of acetylcholinesterase inhibitor and/or the amount of compound of formula 1 in the com- 
bination may be less than would be required on an individual basis to achieve the same desired effect in treating 
Alzheimer's disease, mild cognitive impairment, or age-related cognitive decline. 

[0117] The present invention also provides for conibining a compound of formula 1 with neuroprotectants, for example 
NMDA receptor antagonists, for treatment of Huntington's disease, stroke, spinal cord trauma, traumatic brain injury, 
multiinfarct dementia, epilepsy, amyotrophic lateral sclerosis, pain, viral induced dementia for example AIDS induced 
dementia, migraine, hypoglycemia, urinary incontinence, brain ischemia, multiple sclerosis, Alzheimer's disease, senile 
dementia of the Alzheimer's type, mild cognitive impalmrient, age-related cognitive decline, emesis, corticobasal de- 
generation, dementia pugilistica, Down's syndrome, myotonic dystrophy, Niemann-Pick disease, Pick's disease, prion 
disease with tangles, progessive supranuclear palsy, lower lateral sclerosis, or subacute sclerosing panencephalistis. 
Examples of NMDA receptor antagonists that can be used in the present invention include (1 S,2S)-1 -(4-hydroxyphe- 
nyl)-2-(4-hydroxy-4-phenylpiperidin-1-yl).1-propanol (U.S. Patent 5,272,160), eliprodil (U.S. Patent 4,690.931), and 
gavestenel (U.S. Patent 5,373.01 8). Other NMDA receptor antagonists, which can also be used in the present invention, 
are described in U.S. Patent 5,373,018; U.S. Patent 4,690,931 ; U.S. Patent 5,272,160; U.S. Patent 5,185,343; U.S.' 
30 Patent 5.356,905; U.S. Patent 5.744.483; WO 97/23216; WO 97/23215; WO 97/23214; WO 96/37222; WO 96/06081 ; 
WO 97/23458; WO 97/32581 ; WO 98/18793; WO 97/23202; and U.S. Serial No. 08/292,651 (filed August 18. 1994)' 
The aforementioned patents and patent applications are each hereby incorporated by reference in their entireties. 
[01 1 8] The effective daily amount of the compound of formula 1 in the combination with an NMDA receptor antagonist 
generally will be between about O.OOOt to about 1 0 mg/kg body weight. The amount of the NMDA receptor antagonist 
55 contemplated for use in combination with a compound of formula 1 for treatment of any of the aforementioned disorders, 
for example Alzheimer's disease, is generally within the range of from about 0.02 mg/kg/day to about 10 mg/kg/day! 
However, in some instances, the amount of the NMDA antagonist and/or the amount of compound of formula 1 In the 
combination may be less than would be required on an individual basis to achieve the same desired effect in treating 
said disorders. 

40 [0119] The subject invention also provides for combining a compound of fomiula 1 with certain substances capable 
of treating a stroke or traumatic brain injury, such as TPA, NIF, or potassium channel modulators, for example BMS- 
204352. Such combinations are useful for treating neurodegenerative disorders such as stroke, spinal cord trauma, 
traumatic brain injury, multiinfarct dementia, epilepsy, pain, Alzheimer's disease, and senile dementia, for example. 
[0120] For the above-described combination therapies and pharmaceutical compositions, the effective amounts of 
45 the compound of the invention and of the other agent can generally be detemrilned by those of ordinary skill in the art, 
based on the effective amounts for the compounds described herein and those known or described for the other agent 
known in the art, for example the amounts described in the above-recited patents and patent application incorporated 
herein. The fonnulations and routes of administration for such therapies and compositions can be based on the infor- 
mation described herein for compositions and therapies comprising a compound of the invention as the sole active 
agent and on infonnation provided for the other agent in combination therewith. 

[0121]* A specific compound of fomiula 1 can be detemnined to inhibit cdk2, cdk5, or GSK-3 using biological assays 
known to those of ordinary skill in the art, for example the assays described below. 

[0122] The specific activity of a compound of fomnula 1 for inhibition of cdkS or cdk2 can. for example, be ascertained 
by means of the following assays using materials available to those of ordinary skill in the art: 

Enzyme activities were assayed as the incorporation of [33P] from the gamma phosphate of [33P]ATP (Amer- 
sham, cat. no. AH-9968) into blotinylated peptide substrate PKTPKKAKKL. Reactions were carried out in a buffer 
containing 50mM Tris-HCI, pH 8.0; lOmM MgCI2, 0.1 mM Na3V04, and 1mM DTT. The final concentration of ATP was 
0.5uM (final specific radioactivity of 4uCi/nmol). and the final concentration of substrate was 0.75uM. Reactions, initi- 
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ated by the addition of either cdkS and activator protein p25 or cdk2 and activator cyclin E, were carried out at room 
temperature for 60 minutes. Reactions were stopped by addition of 0.6 volume of buffer containing (final concentra- 
tions): 2.5mM EDTA, 0.05%Triton-X 1 00, 1 0OuM ATP, and 1 .25 mg/ml streptavidin coated SPA beads (Amersham cat. 
no. RPNQ0007). Radioactivity associated with the beads was quantified by scintillation counting. 

5 [0123] The specific activity of a compound of formula 1 for inhibition of GSK-3 can be determined in both cell-fee 
and cell-based assays, both of which are described in the art (see, for example, WO 99/65897). A cell-free assay can 
be carried out ingeneral by incubating GSK-3 with a peptide substrate, radiolabeled ATP (such as, for example, -y^^P- 
or T^^.p.Ajp both available from Amersham, Arlington Heights, Illinois), magnesium ions, and the compound to be 
assayed. The mixture is incubated for a period of time to allow incorporation of radiolabeld phosphate into the peptide 

10 substrate by GSK-3 activity. The reaction mixture is washed to remove unreacted radiolabeled ATP, typically after first 
transferring all or a portion of the enzyme reaction mixture to a well that contains a uniform amount of a ligand that is 
capable of binding to the peptide substrate. The amount of 33p or^^p remaining in each well after washing is then 
quantified to determine the amount of radiolabeled phosphate incorporated into the peptide substrate. Inhibition is 
observed as a reduction, relative to a control, in the incorporation of radiolabeled phosphate into the peptide substrate. 

15 An example of a suitable GSK-3 peptide substrate for an assay is the SGSG-iinked CREB peptide sequence, derived 
from the CREB DNA binding protein, described in Wang, et al., Anal. Biochem., 220:397-402 (1994). Purified GSK-3 
for an assay may, for example, be obtained from cells transfected with a human GSK-3p expression plasmid as de- 
scribed in, tor example Stambolic, et a!.. Current S/otogy 6:1664-68 (1 996). 

[0124] WO 99/65897; Wang, et al., and Stambolic, et al. are incorporated in their entireties herein by reference. 
20 [0125] All of the title compounds of the following Examples had an IC50 inhibiting peptide substrate phosphorylation 
of less than about 50 }xM when assayed for cdk5 inhibition according to the preceding assay. 

[0126] Al! of the title compounds of the following Examples had an IC50 inhibiting peptide substrate phosphorylation 
of less than about 50 fiM when assayed for cdk2 inhibition according to the preceding assay. 

[0127] All of the title compounds of the following Examples, had an IC50 for inhibition of GSK-3p of less than about 

[0128] The following Examples illustrate the present invention. It is to be understood, however, that the invention, 
as fully described herein and as recited in the claims, is not intended to be limited by the details of the following 
Examples. 

30 EXAMPLES 

Preparation 1: i-(2-Amino-thiazoi-5-yi)-^yclobutanoi 

[0129] A solution of 2-aminothiazole (7.1 g, 71 mmol) in THF (360mL) cooled to -78**C was treated dropwise with n- 
. 55 BuLi (56.1 8mL, 142 mmol) while maintaining an internal temperature less than or about equal to '60°C. After addition 
was completed, the solution was treated dropwise with chlorotrimethylsilane (1 8mL, 142 mmol). The reaction solution 
was warmed to -IC^C, then was cooled back to -78**C. n-Butyllithlum (28.4 mL, 71 mmol) was added dropwise and 
after 10 minutes, cyclobutanone (5.33mL, 71 mmol) was added dropwise. The solution was stirred for 1 hour at -78**C, 
was quenched with saturated ammonium chloride solution, and was warmed to 23*^0. The reaction mixture was ex- 
40 tracted with ethyl acetate (300mL). The organic layer was washed with brine, was dried (MgS04), was filtered, and 
solvent was removed in vacuo. The resulting residue was purified by silica gel chromatography (15:1 7:1 CHCI3- 
MeOH) to afford 7.24 g of 1-(2-amino-thiazol-5-yl)cyclobutanol. ""HNMR (400MH2: DMSO-D6) 6 6.78 (s, 1H), 6.70 (s, 
2H), 5,58 (S.1H), 22 (m.4H), 1.69 (m, 1H), 1.50 (m,1H). 

4s Preparation 2: 5-CyciobiJtyl"thia2ol-2-ylamine 

[0130] A solution of 1-(2-amino-thia20l-5-yl)cyclobutanol (Preparation 1; 6.6g, 39 mmol) in trifluoroacetic acid 
(150mL) was treated with 20% palladium hydroxide on carbon (2.3g). The mixture was evacuated and purged with 
nitrogen (3 times), then was evacuated and purged with hydrogen gas (50 psi). The mixture was shaken for 24 hours 

so and was evacuated and purged with nitrogen. The mixture was then filtered through Celite which was rinsed with 
methanol. The organic solvent was removed in vacuo, ethylacetate was added, followed by 29% ammonium hydroxide 
solution. The aqueous and organic layers were separated and the aqueous layer was extracted with ethylacetate. The 
combined organic layers were washed with brine, were dried (MgS04), were filtered, and the solvent was removed in 
vacuo. The resulting residue was purified by silica gel chromatography (40:1 :1 CHCIa-MeOH-NH^OH) to afford 4.75g 

55 of 5-cyclobutyl-thia2ol-2-ylamine. the title compound. "^HNMR (400MHz, DMSO-d6): 6.66(s.2H), 6.57(s, 2H), 3.43 (m. 
1 H), 2,20 (m,2H), 1 .98-1 .7 (m.4H). 
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Example 1: N-(5-Cvclobuty|. thia2o|.2-vl) .g. quinolin-6-y l-ae^famiH^ 




Example 2: f5-CyelobutYl. thia20k2-vlVcarbamic acid pheny l ^<^^r 

[0132] Asolutionof2-amin6-5-cyclobutylthia2ole(PreDaration9 ;? «;r, ie.^,«««^»-,^ 

Example 3: 1-(5-Cvelobutyl-thiazoi-2-vl).3- ( 2-niethvl-quinolin-6-vl)-urea 

4H). LRMS m/^ (APCK) 339.0 (M+ni- ^ ' ^" ^^'^ ('".SH). 2.15-1.80 (m, 
Preparation 3: (3-Oxo-cvclob utvlVcarfaamic acid benzy l ester 

minutes, M »hich polm nijgen Ll,i„„ wM MM S'ht^tl?, "> ^O'C o«er ca. 45 

LRIVIS (APCI-) 218.1 (M-H) ^ ' ^' S O^t^'^H) 4.29(m,1H), 3.36(m. 2H). 3.06 (m. 2H). 

Preparation 4: r3-(2-Amlno.th.azo|.5.vl).3-hvdoxv-cy ..nbutv1.carbamlc«.iH K.n^„ 
[0135] A solution of 2-amlnothia2ole (350ma 3 Smmon in thp /^>ftrr,i ^ ^oo^ 

(2.8mL. 7mmol) at such a ra,e to keop\he "ternalTeac on impSure < ll-crl^Tr ""P""'- "'^'^ 

chlorotrimethvl silane was added mftftMi 7rr, /• ' , " '^mperaiure < - 60 C. The solution was stirred 1 hour. 

to -1 0"C, the^ was coaled to ZsiTBuLm 4^^'?^^^^^ temperature s-60'C) and the temperature was increased 
stirring for 10 minutL ptef^ Jon"; 3^ ^ ^ 6 'r^^n V^r^^^^^^^ '^"^^ -^°°^> 

aqueous ammonium chlonde was added, the mixturTTas Zll^^Ti^^c .T'!f ' ' '''"^ 

aqueous and organic layers were separaied, the^ ^ nTc a^er wL Ld (Solo T Tl^t"'"'' 

Chromatography (30:1 CHCI3 - MeOH) to afford 1 66mg of thrtWeTompouid. ' 

Preparation 5: N-r3-f2-Amlno.t hla2o|l5-vlW:yelebutvn-aeetamida 

witMLh;:reT4^mT%?^^^^^ 

.mo.edin.acuo.Lethy.enecJridr:L:S=ra^^^^^ 
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mixture was adsorbed onto silica gel and was purified by silica gel chromatography (15:1— > 10:1 CHCIs-MeOH). 445 
mg (49% yield) oi y [3-(2-amino-thia2ol-5-yl)cyclobutyl]-carbamic acid benzyl ester was obtained. LRMS m/z (APCI+) 
304 (M + H)+. 

[0137] A portion of this material (290mg, 0.96mmol) was dissolved in trifluoroacetic acid and was treated with anisole 
5 (200fiL, 1.9mmol) and methane sulfonic acid {498m.L, 7.7mmol) at 0**C). The solution was allowed to warm to 23**C 
over 1 hour, solvent was removed in vacuo, and the residue was then treated with 25%NaOH, solid NaCI, and was 
extracted with ethylacetate (2 times). The organic layer was dried (MgS04), filtered, and purified by silica gel chroma- 
tography to afford 89mg of 5-(3-amino-cyclobutyl)-thia2ol-2-ylamine. LRMS m/z (APCI-^) 170.1 (M+H)-^. 
[0138] A portion of this material (13mg, 0.077mmol) was dissolved in CH2Cl2-methanol (5:1 , 6mL). Triethylamine 
10 (32|i.L, 0.23mmol) was added and a solution of acetic anhydride in CHgClg (O.OSIVI) was added dropwise. Monitoring 
by TLC (10:1 CHCIa-MeOH, 2% NHCIOH) was used to detemnine when all 5M was consumed. NH40H.was added, 
then the reaction mixture was adsorbed onto silica gel and was purified by silica gel chromatography to afford 11 mg 
of the title compound as a mixture of cis-trans isomers. ''HNMR(400MH2, CD3OD) 5 7.86(s,1H) 6.67 {s,0.25H), 6.60 
(S.0.75H), 4.4(m,0.25H), 4.2 (m, 0.75H), 3.5 (m, 0.25H) 3.1 7(m,0.75H), 2.68(m, 2H). 2.37 (m, 1 H), 1 .98 - 1 .88(m,4H). 
1S LRMS m/z (APCI+) 212.1 (M+H)+ 

Preparation 6: 2-Bromo-3-Methylpropanal 

[0139] A solution of 3-methylpropanal (3g, 35 mmol, 3.7 mL) in dry diethyl ether (50mL) was treated with 5,5-dibro- 
20 mobarbituric acid (5 g, 1 7 mmol) and the resulting solution was stirred at 23*C for 1 5 hours, during which a precipitate 
developed. Pentane (30 mL) was added and the precipitate was filtered off. The solution was concentrated in vacuo 
at 1 9°C, 350 mmHg, during which a precipitate developed. Pentane (30mL) was added to the residue and the precipitate 
was filtered off. The solution was concentrated in vacuo at 1 9**C, 350 mmHg to afford 3.6g of the title compound as a 
volatile oil. iHNMR (400MHz, CDCI3) 5 9.41 (d.J = 3.7Hz, 1H), 4.04 (dd, J =6.4, 3.7Hz. 1H) 1.25(m, 1H), 1 .06(m, 6H). 

Example 4: N-r5-(3«Acetylamino-cyclobutyiHhia2ol-2-yt'qulnolin'6-yl-acetamide 

[0140] The procedure to acylate Preparation 5 was the same as that used in Example 1. lOmg, 0.047 mmol, of 
Preparation 5 afforded 15mg of the title compound. ""HNMR (400MHz, CD3OD): 5 8.77(m, 1H), 8.26(m, 1H) 7.96(m, 
30 1 H). 7.84(s. 1 H). 7.74 (d, J= 2.1 Hz. 1 H), 7.48 (m, 1 H) 7.14 (s, 0.25H) 7.06(s. 0.75H). 4.40(m. 0.25H), 4.20 (m, 0.75H), 
3.96 (s, 2H), 2.73 (m. 2H). 2.42 (m, 1 H), 1 .98(m, 2H), 1 .88(s.3H) LRMS m/z (APC1+) 381 .0 (M+H)+ 

Example 5 (5-lsopropyl-thiazol-2-ylH6-methvl-pyridin»2-yUamine 

35 [0141] A mixture of 2-bromo-3-methylpropanal (Preparation 6, 307 mg, 1 .87mmol) and N-(3-methylpyridyl) thiourea 
(31 3mg, 1 .87 mmol) in water (1 OmL) was heated at 80*^0 for 1 8 hours. Ammonium hydroxide was added(pH -11), the 
mixture was extracted with ethyl acetate and the organic layer was washed with brine, was dried (mgS04) filtered, and 
concentrated in vacuo. The resulting residue was purified by preparative thin layer chromatography (1:1 hexanes- 
ethylacetate) to afford lOOmg (23%yield) of desired product, •'HNMR(400MHz, CDCI3) b 7,44 (t, J=7.7H, 1H), 7.08(s, 

40 1 H), 6.67 (m, 2H), 3.1 2 (m. 1 H), 2.52 (s. 3H) 1 .34 (d,J = 6.85, 6H). LRMS m/z (APCI+) 234.0 (M+H)+ 



Claims 



45 1 . A compound of the f omiula 
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55 wherein R"* is a straight chain or branched (Ci-C8)alkyl, a straight chain or branched (C2-CB)alkenyl, a straight 

chain or branched (C2-C3)alkynyl, (C3-C8)cycloalkyl, (C4-C8)cycloalkenyl, (3-8 membered) heterocycloalkyl, 
(C5-C.,^)bicycloalkyl, (C7-Cii)bicycloalkenyL (5-11 membered) heterobicycloalkyi, (Cq-C^^) aryl, (5-1 4 membered) 
heteroaryl, or ABN-; and wherein R"! is optionally substituted with from one to six substituents R^ independently 
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selected from F, CI, Br, L nitro, cyano. -CF3, -NR7r8^ -NR7c(=0)Re -NR7C(=0)0R8, -NR7C(=0)NR6r9 -NR^S 
(=0)2R8, >NR7S(=0)2NR8R9. -OR^. .0C(=0)R7, .OC(=0)OR7. -C(=0)0R7, .C(=0)R'. -C(=0)NR7r8 .0C(=0) 
NR7R8, -0C(=0)SR^ -S(=0)R^ -S(=0)2R7, .S(=0)2NR7R8, and R7; 

A and B are each independently selected from straight or branched (Ci-C8)alkyl, straight chain or branched 
(C2-Ce)alkenyl, straight chain orbranched (C2-C8)alkynyl, (C3-C6)cycloalkyl. (C4-C8)cycloalkenyl, (3-8 membered) 
heterocycloalkyl. {C5-Cii)bicycloaIkyL (C^-CiObicycloalkenyl, and (5-11 membered) heterocycloalkyi; or A and B 
may be connected to fomi a 3-8 membered heterocyclic ring optionally containing one or two double bonds and 
optionally containing one or two further hetero atoms selected independently from O, S, and N; and A and B, or 
the heterocyclic ring fomned thereby, can be optionally independently substituted with from one to six substituents 
R5 Independently selected from F, CI, Br. I, nitro, cyano, -CF3, -NR7r8^-nr7c(=0)R8 -NR7C{=0)0RS -NR7C(=0) 
NR8R9, -NR7S(=0)2R8 -NR7S(=0)2NR8R9 -OR7,OC(=0)R7, -0C(=0)0R7, -C(=0)0R7 -C(=0)R7 .C(=0 
NR7R8, .OC(=0)NR7R8, -0C(=0)SR7,-SR7. -S(=0)R7, .S(=0)2R7. -S(=0)2NR7R8, and R7- ' • ^ ^ 

R3 is -C(=0)NR9-, -C(=0)0-, -C(=0)(CR10R")„-, or -(CR10R")„-; 

R^ is a straight chain or a branched (Ci-Cejalkyl, a straight chain or a branched (C2-C8)alkenyl, a straight 
chain or branched (C2-C8 alkynyl), {C3-C8)cycloalkyl, (C4-C8)cycioalkenyl, (3-8 membered) heterocycloalkyi, 
(C5-Ci^)bicycloaIkyl, (C7-Ci,)bicycloalkenyl, (5-11 membered) heterobicycloalkyi, (C6-Ci4)aryl, or (5-14 mem- 
bered) heteroaryl; and wherein R^ is optionally substituted with from one to three substitutents RS independently 
selected from F, CI, Br, I, nitro, cyano. -CF3, -NR7R8, -nR7C(-0)R8 -NR7C(=0)0Re, -NR7c(=0)NR8R9 -NR7s 
(=0)2R8; -NR7S(=0)2NR8r9, .pR7, .0C(=0)R7 -0C(=0)0R7, -C(=0)0R7, -C(=0)R7. -C(=0)NR7r8 -0C{=0) 
NR7R8, -0C(=0)SR7, -SR7 -S(=0)R7, .s(=0)2R7, -S(=0)2NR7r8, or R7; , ' 

each R7, RS, and R9 is independently selected from H, straight chain or branched (C^-C8)alkyl, straight chain 
or branched (C2-C8)alkenyl, straight chain or branched (Cg-Cs alkynyl), (C3-C8)cycloalkyl. (C4-C8)cycloalkenyl 
(3-8 membered) heterocycloalkyi, (Cg-C^Obicycloalkyl, (C7-Ci^)bicycloalkenyl, (5-11 membered) heterobicy- 
cloalkyi, (C6-Ci4)aryl, and (5-14 membered) heteroaryl, wherein R7, r8, and R9 are each independently optionally 
substituted with from one to six substituents independently selected from F, CI, Br I NO2 -CN -CF3 -NRiOR^i 
-NR10C(=0)R^1, -NR1PC(=0)0R11, -NRi0C(=O)NRiiRi2, -NRi0s(=O)2R^^ -NR10S(=0)2NR11R12 ^OR10 OC 
(=O)Ri0, -OC(=O)ORi0, -OC(=0)NR10R11, .OC(=0)SR10. -SRIO,. .S(=O)Ri0,-S(=O)pRi0 .S(=O)oNR10r1i .n 
(=0)R10, .C(=O)ORi0,-C(=rO)NRi0Rii,andRi0; ^ V 

or, when R7 and R8 are as in NR7R8, they may instead optionally be connected to form with the nitrogen of 
NR/R8 to which they are attached a heterocycloalkyi moiety of from three to seven ring members, said heterocy- 
cloalkyi moiety optionally comprising one or two further heteroatoms independently selected from' N, O. and S; 

each Rio^ pn^ and R12 |s independently selected from H, straight chain or branched (Ci-C8)alkyl, straight 
chain or branched (C2-C8)alkenyl. straight chain or branched (Cg-Cg alkynyl), (C3-C8)cycloalkyl, (C4-C8)cycloalke- 
nyl, (3-8 membered) heterocycloalkyi (C5-Cii)bicycloalkyl, (C7-C,i)bicycloalkenyl. (5-11 membered) heterobicy- 
cloalkyi, (Cg-CiJaryl, and (5-14 membered) heteroaryl, wherein R^o, RII , and R^s are each independently option- 
ally substituted with from one to six substituents independently selected from F, CI Br I .NO2 -CN -CF<. -NR''3R1^ 
-NR13C(=0)R14^ -NR13C(=0)0R14, -NRi3c(=0)NRi^Ri5, .NR13S(=0)2R1^, -NR13S(=0) 'nr14r15 ^.qRIS -qc 
(=0)R13, -0C(=0)0R13. -0C(=0)NR13R14^ .0C(=0)SR13 .SR13, .S(=0)R13, .s(=OhH^^, -S(=0) 'nR^Sru 
(=0)R13, -C(=0)0R13, -C{=0)NR13R14 and Ri3. . v ^2 . v /2 

each R13, r14^ and R15 \s independently selected from H, straight chain or branched (C^-Cgjalkyl, straight 
chain or branched (C2-C8)alkenyl. straight chain or branched (C2-C8 alkynyl), (C3-C8)cycloalkyl, (C4-C8)cycloalke- 
nyl. (3-8 membered) heterocycloalkyi, (C5-Cii)bicycloalkyl, (C7-Cii)bicycloalkenyl, (5-11 membered) heterobicy- 
cloalkyi, (C6-Ci4)aryl, and (5-14 membered) heteroaryl, wherein Ri3, ri4^ and R^s are each independently option- 
ally substituted with from one to six substituents independently selected from F CI Br I NO2 -CN -CF3 -NR''6R"'7 
-NR16C(=0)R17^ -NR16C(=0)0R17, -NR16C(=0)NR17R18 .NR16S(=0)2R17/.NR16S(=0)2NR17R18 .'oR^e .qC 
(=0)R^6 -0C(=0)0R16, -0C(=0)NR16R17, -0C(=0)SR16 -SRI6, .S(=0)R16 ,S(=OhH^s^ .S(=0) 'nR16r17 ^ 
{=0)R16, .C(=0)0R16,-C(=0)NR18R17, andRi6; z v /2 

each RI6, R17^ and RI8 is independently selected from H, straight chain or branched (Ci-C8)alkyl, straight 
chain or branched (C2-C8)alkenyl, straight chain orbranched (C2-C8 alkynyl), (C3-C8)cycloalkyl, (C4-C8)cycloalke- 
nyl, (3-8 membered) heterocycloalkyi. (C5-Cii)bicycloaIkyl, (C7-Cii)bicycloalkenyl. (5-11 membered) heterobicy- 
cloalkyi, (C6-Ci4)aryl, and (5-14 membered) heteroaryl; 

n is 0, 1, 2, or 3; 

wherein Rio and RH in -C(=0)(CR10R11)^. and -(CRIOrii)^. are for each iteration of n defined independently 
.as recited above; 

or a pharmaceutically acceptable salt thereof. 

A compound according to claim 1 . wherein R1 is cyclobutyl, optionally substituted with from one to six substituents 
R5. 
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3. A compound according to clainn 1 or claim 2, wherein R3 is -C(=O)(CR''0R^"')n-. 

4. A compound according to claim 1 , wherein R"" is ABN-. 

5. A compound according to any one of claims 1 , 2or4, wherein R^ Is-(CR''OR'''')o- and R^ is phenyl, pyridyl, naphthyl, 
quinolyl, or isoquinolyl, each optionally substituted. 

6. A compound according to any one of claims 1 , 2 or 4, wherein R^ is-(CR''°R'*^)o- and R"* Is optionally substituted 
straight chain or branched (C^-Ce)alkyl or optionally substituted straight chain or branched (C2'^8)^'^®"yl- 

7. A compound according to any one of claims 1 , 2 or 4, wherein R3 is -C(=0)NR®-or -C(=0)(CR''PR*''')n-. 

8. A compound according to claim 1, wherein R^ is cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, or norbornyl, 
each optionally substituted. 

9. A compound according to claim 1 , wherein R"" is optionally substituted straight chain or branched (C^-C3)alkyl or 
optionally substituted straight chain or branched (C2-C8)alkenyl. 

10. A compound according lo any one of claims 1-9, wherein R^ is phenyl, pyridyl, naphthyl, quinolyl, or isoquinolyl, 
each optionally substituted. 

11. A compound according to claim 1 , selected from the group consisting of: 

N-(5-cyclobutyl-thia2ol-2-yl)-2-phenyl-acetamide; 

N-(5-cyclobutyl-thiazol-2-yl)-isobutyramide; 

(5-cyclobutyl-thia20l-2-yl)-carbamic acid phenyl ester; 

1*(5-cyclobutyl-thiazol-2-yl)-3-(2,4-dlchloro-phenyl)-urea; 

1-(5-cyclobutyl-thia20l-2-yl)-3-(2,6-difluoro-phenyl)-urea; 

1-(5-cyclobutyl-lhia70l-2-yl)-3-(3-trifluoromethyl-phenyl)-urea; 

1-(4-chloro-3-trifluoromethyl-phenyl)-3-(5-cyclobutyl-thia2ol-2-yl)-urea; 

1 -(5-cyclobutyl-thia2ol-2-yl)-3-{2,4,6-trifluoro-phenyO-urea; 

1-(5-cyclobutyl-thiazol-2-yl)-3-(2,4-difluoro-pheny!)-urea; 

1 -(5-cyclobutyl-thiazol-2-yl)-3-{2-ethyl-phenyl)-urea; 

1 -(5-cyclobutyl-thiazol-2-yl)-3-(3-phenoxy-phenyl)-urea; 

1-(5-cyclobutyl-thiazol-2-yl)-3-(4-methoxy-phenyl)-urea; 

N-(5-cyciobutyl-thia2ol-2-yl)-2-(2,4-dichloro-phenyl)-acetamide; 

1 -(5-cyclobutyl-thia2ol-2-yl)-3-phenyl-urea; 

1-(4-bromo-3-trifluoromethyl-phenyl)-3-{5-cyclobutyl-thia2ol-2-yI)-urea; 

1 -(5-cyclobutyl-thia2ol-2-yl)-3-{1 H-indol-5-yl)-urea; 

1-(5-cyclobutyl-thiazoI-2-yl)-3-(2-methylsijlfanyl-phenyl)-urea; 

N-(5-cyclobutyl-thiazol-2-yl)-2-(4-methoxy-phenyl)-acetamide; 

1-(5-cyclobuty!-thlazol-2-yI)-3-[4-(4-methyl-pipera2ine-1-sulfonyl)-phenyl]-urea; 

1-(5-cyclobutyl-thla20l-2-yl)-3-qulnolin-6-yl-urea; 

1-(5-cyclobutyl-thia2ol-2-yl)-3-(2-methyl-quinolin-6-yl)-urea; 

3-{2-[2-(2,4-dlchloro-phenyl)-acetylamino]-thla2ol-5-yl}-cyclobutanecarboxylic acid butyl ester; 
N-(5-cyc}obutyl-thiazol-2-yl)-2-pyridin-3-yhacetamide; 

3-{2-[2-(2,4-dichloro-phenyl)-acetylamino]-thiazol-5-yI}-cyclobutanecarboxylic acid; 

1-(5-cyclobutyl-thia20l-2-yl)-3-(4-pyridin-3-yl-phenyl)-urea; 

1 -benzothia2ol-5-yl-3-(5-cyclobutyl-thiazol-2-yl)-urea; 

N-(5-cyclobutyl-thla2ol-2-yI)-2-quinoiin-6-yl-acetamide; 

1-(3H-ben20tria20l-5-yl)-3-(5-cyciobutyl-thia2ol-2-yl)-urea; 

1-(5-cyclobutyl-thia2ol-2-yl)-3-(2-methyl-ben2othia20l-5-yl)-urea; 

1-biphenyl-3-yl-3-{5-cyclobutyt-thia2ol-2-yl)-urea; 

1-(3H-ben2oimida2ol-5-yI)-3-(5-cyclobutyl-thia2ol-2-yI)-urea; 

1-(5-cyc}obutyl-thia2ol-2-yO-3-[4-{2-dimethylamino-ethylamino)-quinolin-6-yl]-urea; 
1-(5-cyclobutyl-thia2ol-2-yi)-3-[4-(3-hydroxy-propylamino)-quinolin-6-yl]-urea; 
(5-cyclobutyl-thiazol-2-yl)-carbamic acid 3-(6-amino-quinolin-4-ylamino)-propy! ester; 
N-(5-cyclobutyl-thiazol-2-yl)-2-(2-methyl-ben20thia2ol-6-yl)-acetamide; 
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S-hydroxy-pyrrolidine-l -carboxylic acid (5-cyclobutyl-thia2ol-2-yl)-amide; 

1-(5-cyclobutyl4hia2ol-2-yl)-3-[4-(2-hydroxy-cyclohexylamino)-quinolin-6-yl]-urea; 
1 -(5-cyclobutyl-thia2o)-2-yl)-3-quinolin-5-yl-urea; 

1- (5-cyclobutyl-thia2ol-2-yI)-3-isoquinolln-6-yl-urea; 

5 1-{5-<^clobutyl-thla2ol-2-yl)-3-[4-(3-hydroxy-pyrrolidin-1-yl)-quinolin-^^^^ 
1 -(5-cyclobutyl-thia2ol-2-yl)-3-isoquinolin-5-yl-urea; 

2- (1H-benzoimidazol-5-yl)-N-(5-cyc!obutyl-thia2ol-2-yl)-acetamide: 
N-(5<iyclobutyl-thia2ol-2-yl).2-(5,6-dimethyl-ben2oimida2ol-1-yl)-acetami^ 
1-(5-cyclobutyl4hia2ol-2-yl)-3-[4-(2-hydroxy-cyclopentylaiTiino)-quinolin-6-yl>^ 
N-(5-cyclobutyl-thia2ol'2-yl)-2-indol-1-yl-acetamide; 

1 -(3H-benzoimida2ol-4-yl)-3-(5-cyclobutyl-thia2ol-2-yl)-urea; 
N-(5-cyclobutyl-thiazol-2-yI)-2-(1H-indol-3-yl)-acetamide; 
N-(5-cyclobutyl-thia2ol-2-yl)-2-quinolin-5-yl-acetamide; 
1 -(5-cyclobutyl-thja2ol-2-yl)-3-(1 H-rnda2ol-6-yl)-urea; 

1 -(5-cyclobutyl-thia2ol-2-yl)-3-(4-methyl-2-oxo-1 ^-dihydro-quinolin-7-yl)-urea; 
1-(5-cyclobutyl-thia2ol-2-yl)-3-[2-(4-nitro-phenyl)-1H-ben2oimida2ol-6-yl]-urea; 
1 -benzo[1 ,3]dioxol-5-yl-3-(5-cyclobutyl-thia2ol-2-yl)-urea; 

1-(5-cyclobutyl-thia20l-2-yl)-3-(4-methoxymethyl-2-oxo-2'H-chromen-7-yl)-ure^ 
1-(5-cyclobutyl-thia20I-2-yl)-3-(4-methyl-2-oxo-2H-chromen-7-yl)-urea: 
^0 1 -(5-cyclobutyl-thia2ol-2-yI)-3-(2-oxo-2,3-dihydro'1 H-ben2olmida2ol-5-yl)-urea; 

1 -(1 -acetyI-2,3-dihydro-1 H-indol-6-yl)-3-(5-cyclobutyl-thiazol-2-yl)-urea; 
1-{5-cyclobutyl-thia2ol-2-yl)-3-(4,7-dimethoxy-3H-ben2oimidazol-5-yI)-uVea; 
1 -(S-cyclobutyl-thiazol-2-yl)-3-(2-pyridin-2-yl-1 H-ben2oimida2oN5-yl)-urea; 

1 -(5-cyclobutyl-thia2ol-2-yl)-3-[2-(1 .1 ,2,2,3,3,3-heptafluoro.propyl)-1 H-benzoimidazol-S-ylJ-urea- 
1-(5-cyclobutyI4hla2ol-2-yl)-3-(6-fluoro-3.prop-2-ynyl-2-trmuoromethyl-3H-^^^ 
. 1 -{5-cyclobutyl-thiazol-2-yI)-3-(1-ethyl-2-methyl-1H-ben2oimida2ol-5-yl)-urea; 
1 -(5-cyciobutyl-thia2ol-2-yl)-3-(1 H-indol-6-yi)-urea; 
1 -(5-cyclobutyl-thia20l-2-yI)-3-(2-methyl-1 H-benzolmjda2ol-5-yl)-urea; 
5-[3-(5-cyclobiJtyl-thja2ol-2-yO-ureido]-1 H-indole-2-cart>oxylic acid ethyl ester; 
1-ben2o[1,2.3]thiadia2ol-4-yl-3-(5-cyclobutyl-thia2ol-2-yl)-urea; 
1 -(5-cyclobutyl-thiazol-2-yl)-3-{1 .4-dioxo-1 ,2,3,4-tetrahydro-phthala2in-5-yl)-urea; 
1 -(5-cyclobutyl-thia2ol-2-yl)-3-(1 H-inda2ol-7-yl)-urea; 
1 -(5-cyclobutyl-thja2ol-2-yl)-3-(1 H-indoM-yO-urea; 

1 -(5-cyclobutyl-thia2ol-2>yl)-3-(2-oxo-2,3-dihydro-1 H-ben2olmida20l-4-yl)-urea; 
1-t>en20oxa20l-4-y!-3-{5-cyclobutyl-thia2ol-2-yl)-urea; 

N-(5K:yclobutyl-thlazol-2-yl)-2-(2-methyl-3H-benzoimida2ol-5-yl)-acetarnide; 
1-(5-cyclobutyl-thia2ol-2-yl)-3-quinolin-8-yl-urea; 
1 -(5-cyclobutyl-thla2ol-2-yl)-3Hsoquinolin-8-yl-urea; 
1 -(3H-ben20tria2Ol-4-yl)-3-(5-cyclobutyl-thla20l-2-yl)-urea; 
N-(5-cyclobutyl-thiazol-2-yI)-2-isoquinolin-5-yl-acetamlde; 
N-(5-cyclobutyl-thia2ol-2-yl)-2-quinolin-6-yl-acetamide; 

1- (5-cyclobutyl-thia2ol-2-yl)-3-isoquinolln-5-yl-urea; 

N-[5-(3-acetylamino-cyclobutyl)-thia2ol-2-yl]-2-quinolin-6-yl-acetamide; 
N-(5-cyclobutyl-thiazol-2-yl)-2-(4-nitro-phenyl)-acetamide; 

2- (4-amino-phenyl)-N-(5-cyclobutyl-thiazol-2-yl)-acetamide; 
2-(4-acetylamino-phenyl)-N-(5-cyclobutyl-thlazol-2-yl)-acetamide; 
N-(5-cyclobutyl-thla2ol-2-yl)-2-[4-(2-pyridin-3-yl-acetylarriino)-pheny(]-acelarnide; 
N-(5Kyclobutyl-thia2o!-2-yl)-2-[4-(2-monDholin-4-yl-ethylamino)-phenyl]-acetar^ 
(5-isopropyl-thiazol-2-yl)-pyridtn-2-yl-amine; 

(3-chloro-5-trifluoromethyl-pyridin-2-yl)-(5-isopropyl-thla2ol-2-yl)-amine; 
(5-isopropyl-thiazol-2-yl)-phenyl-amine; 

(5-chloro-pyridin"2-yl)-(5-isopropyl-thia2ol-2-yl)-amine; 

(5-isopropyl-thla2ol-2-yI)-(6-methyl-pyrldin-2-yl)-amjne; 

(5-isopropyl-thia2ol-2-yl)-(5-methyl-pyridin-2-yI)-amine; 

(5-«sopropyl-thlazol-2-yI)-(4-methyl-pyridin-2-yl).amine; 

(2-chloro-pyridin-4-yl)-(5-isopropyl-thla2ol-2-yl)-amine; and 

N-(5-dimethylamino-thiazol-2-yl)-2-phenyl-acetamide: 
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and pharmaceutically acceptable salts of the foregoing compounds. 

12. A phamnaceutical composition comprising a compound according to any one of claims 1-11 , or a pharmaceutically 
acceptable salt thereof, and one or more phamnaceutically acceptable carriers or excipients. 

5 

13. Use of a compound according to claim 1 , or a phamriaceutically acceptable salt thereof, as a medicament. 

14. Use of a compound according to any one of claims 1-11, or a phannaceutically acceptable salt thereof, in the 
preparation of a medicament for the curative, palliative or prophylactic treatment of a disease or condition selected 

10 from; a disease or condition comprising abnormal cell growth; a neurodegenerative disease or condition; a disease 

or condition the treatment of which can be effected or facilitated by altering dopamine mediated neurotransmission; 
a disease or condition facilitated by cdk5 activity; male fertility and sperm motility; diabetes mellitus; impaired 
glucose tolerance; metabolic syndrome or syndrome X; polycystic ovary syndrome; adlpogenesis and obesity; 
myogenesis and frailty, for example age-related decline in physical performance; acute sarcopenia, for example 

^5 muscle atrophy and/or cachexia associated with bums, bed rest, limb immobilization, or major thoracic, abdominal, 

and/or orthopedic surgery; sepsis; hair loss, hair thinning, and balding; and immunodeficiency 

15. A combination of a compound according to any one of claims 1-1 1 , or a phannaceutically acceptable salt thereof, 
and a second member selected from the group consisting of aCOX-ll inhibitor, a MMP-2 inhibitor, a MMP-9 inhibitor, 

20 a signal transduction inhibitor, a CTLA4 antibody, aSSRI,anNK-1 receptor antagonist, a SHT^D antagonist, ziprasi- 

done, olanzapine, risperidone, L-745870, sonepiprazole, RP 62203, NGD 941 , balaperidone, flesinoxan, geplrone, 
an acetylcholinesterase inhibitor, TPA, NIF, a potassium channel modulator such as BMS-204352, and an NMDA 
receptor antagonist, wherein the compound and the second member are together in an effective amount. 

25 1 6. A phannaceutical composition comprising a combination according to claim 1 5 and one or more pharmaceutically 
acceptable carriers or excipients. 
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